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FROM A FEW SIMPLE LIGHT SOURCES OF LIMITED APPLICATION UNREMITTING 
RESEARCH HAS DEVELOPED THE THOUSANDS OF LAMPS THAT FULFILL THE EVER 
EXPANDING REQUIREMENTS OF THE MODERN WORLD AND MAKE FOR BETTER LIVING 











General Electric's “Tree of Light’’ 
A Pictorial History of Light Source Development 
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OR millions of years the only source of artificial 

light was the flame. It is still an important illu- 
minant because more than half of the world’s inhabit- 
ants have no other light. Since the days of the cave- 
man, flame lamps have taken many forms and burned 
various substances, but the hazards and limitations 
of use have been little changed; little improvement 
was possible in their efficiency of light production. 
The efficiency.of a standard candle flame source has 
been calculated to be the equivalent of about 0.1 of 
a lumen per watt, kerosene about 0.3 lpw, and acetyl- 
ene about 0.7 Ipw. 

The accompanying pictorial history of light sources 
shows the important steps in the improvement of 
efficiencies of light production from early incandes- 
cent to contemporary electric lamps. ‘It also reflects 
the rapidly expanding field of application for light 
sources once the limitations and restrictions of flame 
sources were removed. 

Emerging from an infinite past of mere light to 
dispell darkness into an era of civilization requiring 
abundant artificial light for health, welfare and com- 
fort has accelerated the search for more efficient light 
sources. Remarkable as have been the advances in 
lamp efficiency during the past few decades (from 
1.4 lumens per watt of Edison’s first lamp to 20 to 30 
lumens per watt in the larger commercial type of 
incandescent lamps today), lampmakers have ever 
before them the theoretical efficiencies of light pro- 
duction—about 200 lumens per watt for white light, 
620 lumens per watt for yellow-green light—the region 
of the spectrum to which the eye is most sensitive. 


The arc lamp, the earliest commercial form of 
electric light, has given way almost entirely for general 
lighting purposes to the tungsten filament lamp—the 
use of arcs today being confined largely to projection, 
photography and older street lighting installations. 
Tungsten, which superseded carbon and tantalum as 
filament material, appears at the moment to have a 
practical limit of about 40 lumens per watt at the 
melting point of tungsten. 


PRODUCTION 
OF LIGHT 


‘The point may be stressed that there is no sub- 
stance known today that can be used as a lamp fila- 
ment that is as efficient as tungsten in converting 
electrical energy into light on the basis of practical 
life—with no reservations as to cost, difficulty of man- 
ufacture, or any other considerations. 


Gaseous discharge sources, employing carbon diox- 
ide, mercury, and other gases and vapors, have been 
commercially available for nearly half a century. 
These sources, though widely used for specialized 
purposes, have lacked the simplicity of the incandes- 
cent lamp and, until recent years, research had not 
carried their commercial development to the point 
where they appeared to offer any economic advantage 
in the efliciency of light production. ‘Today, new and 
radically different forms of these gaseous discharge 
lamps are commercially available which have efficien- 
cies of the order of 50 to 75 lumens per watt; under 
laboratory conditions efficiencies over 100 lumens per 
watt have been attained. 


While gaseous or electric discharge sources may 
seem to be an open avenue to future progress in high 
efficiency light sources, the reader must be cautioned 
against any erroneous conclusions with regard to the 
application of these newer illuminants. Some gaseous 
lamps have inherent color characteristics which may 
limit their use to special applications, others may 
exhibit certain temperaments which do not readily 
adapt themselves to our practices of electrical distri- 
bution. All require some type of auxiliary apparatus 
to function properly. Particularly significant, how- 
ever, are the radically new fluorescent lamps which 
offer high efficiency and control of color quality 
and. at the same time are of sufficient simplicity to be 
readily adaptable to all manner of general and acco: 
rative lighting applications. ee 

One conclusion can be drawn. We have’ Enicicd 
a most interesting era of lamp development and 
science and research can be depended on to continue 
their steady march toward better, cheaper, and more 
abundant light to serve civilization’s needs. 























THE SMALLEST LAMP 


This tiny “grain of wheat” lamp is shown here approximately 
its actual size and in one type of lampholder. Used for surgical 
instruments, this lamp operates from a single dry cell, consuming 
0.17 watt and producing 0.35 lumen. The lamp itself is but 0.079 
inch in diameter and 0.343 inch long, weighs 0.06 gram or 1/7560 
pound. If sold by weight, this lamp would cost $7,560 a pound— 
a rather costly commodity. ; 


Home movies and indoor snapshots, aviation beacons and 

lighted highways, artificial sunshine and radiant heating—all 

merely suggest the extension of lamps into realms of service denied past generations. While new types 

of lamps extend lighting service to new products, relentless effort toward simplification and standardiza- 

tion will always be important. Standardization of lamps for various services means lower cost, more 
uniform performance, and convenience to the customer when replacements are needed. 

Present lamp prices represent to the average American workman only 10 or 15 minutes work as 

compared with one to three hours work in most other countries. 


THE LARGEST LAMP 


The 50,000-watt lamp is 35 inches high, has 
a bulb diameter of 20 inches, and weighs 35 
pounds. It is shown here about one-tenth 
actual size. It produces 1,600,000 lumens, as 
much light as one thousand 100-watt lamps, be- 
cause this high wattage makes possible double 
the efficiency. This single lamp uses as much 
energy as the rating of the most powerful broad- 
casting stations—enough energy to supply the 
average lighting load of 40 American homes. 

The filament alone weighs 1.6 pounds, 
enough tungsten to make 56,000 60-watt lamps 
and enough to make 21,000,000 of the “grain 
of wheat” lamps. ‘The filament is coiled in a 
large machine lathe on an iron rod about three- 
eighths inch in diameter as a mandrel. . 


@® The annual lamp consumption of large and miniature 
lamps in the United States has reached over a billion a 
year—equal to the consumption of the rest of the world. 
Few, if any, commodities sold in this volume and in the 
diversity of design, uniformity of quality, and adherence 
to technical specifications, require the manufacturing 
integrity of General Electric lamps. 


@® The filament of a 6-watt 120-volt lamp is 0.00047 inch 
in diameter, discernible only by the best of eyes. This 
means that 2130 filaments laid side by side would make 
an inch. The photos in this bulletin are reproduced by 
dots only 133 to the inch and the individual dots are 
visible only with a magnifying glass. 


@® A filament which in a single spot is only 1 per cent 
less in diameter (five-millionths of an inch in the case 
of the 6-watt lamp) than specifications call for may 
reduce the life 25 per cent due to faster evaporation at 
this spot. Similarly, the mandrel on which some fila- 
ments are coiled must be accurate to 1/10,000 inch or 
life may be affected as much as 20 per cent. Spacing 
between coils must be minutely accurate, not only to avoid 
short circuiting but also to avoid concentration of heat 





at one point, which may affect life 10 per cent. A single 


drop of moisture distributed in 500,000 lamps will cause 


early blackening in all of them. 


@ A tungsten filament operates at a temperature higher 
than any other artificial heat ordinarily encountered by 
man—a temperature at which asbestos or fire brick would 
melt like wax in a furnace and twice the temperature of 
molten steel. 


@® A 60-watt 120-volt coiled-coil filament starts as a tung- 
sten wire 0.0019 inch in diameter and 21 inches long. 
After the first coiling the length is reduced to 3.4 inches. 
The coil, now comprising about 1200 turns, is again coiled, 


leaving the finished filament only 5% inch in length. The 


higher concentration of heat by double coiling accounted 
for about a 10 per cent increase in efficiency. 


@ America’s lamp and lighting bill last year was over one 
billion dollars ($100,000,000 for lamps and $1,000,000,000 
for current to burn them). One per cent improvement 
in efficiency of lamps represents a $10,000,000 bonus to 
lighting users. This is a most significant reason for con- 
tinued General Electric investment in lamp research. 


In 1945 the General Electric Company alone made 
120 million 60-watt filament lamps, having a retail 
value of $12,000,000. ‘These lamps represent the 
packages by which electric utilities deliver to the 
public $240,000,000 worth of light. While these lamps 
locked no different than those of only five years 
before, they actually will give 10.9 per cent more 
light initially and will average 11.2 per cent more 


light throughout life than their predecessors. ‘Ihe 


advertising department says: “General Electric Lamps 
Stay Brighter Longer,” and tries to wrap up in a Six- 
word catch phrase what actually was in this single 
instance more than a $24,000,000 public benefit, a 
benefit double the total dollars actually spent for 
the lamps. 


Suppose the General Electric Company had de- 
cided not to spend the money for the research and 
new equipment required for this improvement in 
lamp efficiency and were thus able to reduce the price 
of each lamp 2 cents. ‘That would have meant a 
$2,400,000 lower cost for lamps but the public would 
have lost 24 million dollars worth of ight in the 60- 
watt size alone. In 1940, the price of the 60-watt lamp 
was reduced 2 cents with another 3-cent reduction in 
1942 so that this appears to be a case where one can 
“have his cake and eat it too.” Not only have there 
been consistent price reductions but new construction 
features to produce higher efficiency are constantly 
being applied. Thus the public gain through Gen- 
eral Electric lamp research and development reaches 
a much larger value than for the example cited for 
the 60-watt size alone. 3 


The individual householder who buys 8 or 10 
lamps a year can probably never be made to under- 
stand lighting economics beyond lamp price, yet these 
economics are just as real as getting 20 miles per gal- 
lon instead of 18 from the gasoline he uses in his 
automobile. ‘More miles per gallon” is often the one 
simple terse advertising interpretation of the whole 
structure of science and engineering behind the de- 
velopment of a more powerful gasoline or a superior 


THE 
INCANDESCENT LAMP 


carburetor. ‘These advances as they develop from 
month to month or year to year—though often re- 
garded as merely advertising headlines at the time— 
really do exist and accumulate over a period of time. 
Only by reminiscence, perhaps, does it become obvious 
that automobile tires give 20,000 to 30,000 carefree 
miles today as against 3 or 4 thousand miles 25 years 
ago; that lamps today give 15 to 20 lumens per watt 
contrasted to 2 to 4 lumens per watt 40 years ago. The 
public rightfully expects these advances yet rarely 
does it fully understand the resources by which they 
are brought about. 


The General Electric Company could sell lamps 
cheaper should it choose to discharge all of its scien- 
tists, engineering staff, inspectors and testing people 
now engaged in lamp and lighting development 
studies. Reduced to this extreme, the General Electric 
Company could perhaps continue to make lamps of 
today’s recognized standards cheaper than any other 
manufacturer in the world. But progress would stop! 
In other words the public might again easily save 
$2,400,000 in lamp cost, unwittingly lose $24,000,000 
in lighting results. 7 | 


The General Electric Company is always con- 
fronted with the problem of logical balance of expen- 
diture for research and production costs. As a leader 
in research and development, it must be able to com- 
pete in the market for its share of the lamp dollar. 
The only practical conclusion to hope for is that buy- 
ing decisions will be based on true economics of the 
“most light for the money expended.” 


Fundamentally an incandescent lamp is a simple 
thing—just a wire in a bottle with a few supplementary 
parts. ‘he power required to force electric current 
through the filament wire heats it to incandescence 
and the result is ight. To get the desired light from 
a lamp it is necessary to heat the filament to temper- 
atures in the neighborhood of 5000° F. Yet the filament 
does not burn up because it is either in a vacuum 
or is surrounded by inert gases that do not combine 
chemically with the tungsten metal. On the following 
pages are shown the principal parts and their func- 
tions in the operation of the incandescent lamp. 


Lamp Usage and Cost of Light. The chart at the left shows 
how the cost of light has decreased during the past five decades. 
Lighting costs have been lowered because (1) average electric 
energy rates have been greatly reduced, (2) the average lamp cost 
is now only 40 per cent of the 1920 average cost, and (3) research 
and development have continuously boosted lamp efficiencies. The 
average cost of light per million lumen-hours has been reduced from 
$70.80 in 1890 to about $1.35 in 1945. These values are based on: 
average wattage sizes and average costs of lamps and electric energy, 
and reflect the savings made possible by greater usage, low lamp 
and currert prices, and lamp research. 
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LUMEN - HOURS PER WATT FOR ONE CENT OF LAMP COST 


CONTINUING THE 65-YEAR HISTORY OF G-E LAMP PROGRESS 


The General Electric Company has a slogan of 
“More Goods for More People at Less Cost.’’ This 
expresses the G-E attitude toward research objectives 
in product, machines and methods. No other elec- 
trical product has had a longer history than that of 
lamps. General Electric has been in this business 
from the start. The 65-year chart records shown here 
attest to the fact that the slogan mentioned above is 
no recent concept of the General Electric Company. 

A lamp is a highly complicated and scientific de- 
vice, requiring utmost precision and real “know-how” 
to give good value. Quality in lamps is much more 
important than in most commodities that sell for a 
dime or a quarter, because their quality determines 
how much the user will get out of the dollar or two 
that it will cost to operate it as a device to generate 
light. ‘That is why the charts not only show a history 
of lamp prices, but also include those on efficiency 
and over-all cost of light. 

Lamps have become a 10¢ store item, but so re- 
markably different in value from most of their com- 
panion articles—whether these be a roll of tape, a 
package of paper napkins, a door knob or a glass 
tumbler. On the opposite page is a pictorial digest 


of the parts that go into a 10¢ lamp. If there were 


any practical use of any of the individual parts—the 
wire, the bulb, the brass base, or a small bottle of 
pure nitrogen—argon or oxygen, each in themselves 
would be logical 5- and 10-cent store items. Whether 
General Electric continues its long history of leader- 
ship in lamp development is somewhat related to the 
buyers’ knowledge of lamp buying economics. One 
must discriminate between the normally obvious 
things such as price, discount, life, etc., and the func- 
tion of the purchase of lamps, which is that of pur- 
chasing light at the lowest over-all cost. 

The United States enjoys by far the lowest cost of 
lamps, the lowest cost and most abundant use of light 
of any country in the world. This was brought about 
largely by a policy of leadership for the public good. 


1400 
1300 


1200 


LAMP VALUE HISTORY 
COMBINING EFFICIENCY-LIFE- PRICE 


ro) 
ro) 


1000 


900 


800 


8 


600 
500 


400 


300 
TANTALUM 
GEM 
100 


1900 1910 t920 1930 1940 1950 


Nw 
fe) 
(eo) 





< 


180 : g 


$180 


160 


140 


iy) 
Oo 


a 
Oo 


LIST; PRIGE 
@ 
Oo 


‘60 


40 


. 


wa 
Cocccconenss 


SZ 


20 


eee ececccoee 


=> 








eee ee eeeesvececcscscseees 


1920 1930 1940 1950 


1880. 1890 1900 1910 
a 


Lamp Price Histery—Regardless of the ups and downs of eco- 
nomic cycles, lamp prices have steadily been lowered; the 60-watt 
tungsten lamp cost $1.75 when introduced in November 1907— 
reached its present 10¢ price in September 1942. The 10-cent 
lamp gives twice as much light as did the $1.75 model, which made 
the front pages in the news of 1907. At that, the tungsten lamp 
at $1.75 was a better buy as a device to produce light at low cost 
than was the then common carbon lamp at 20¢. 


Lamp Efficiency History—This simple, scraggly line records the 
accomplishments of hundreds of scientists and lamp development 
engineers. From the fascinating days and struggles of Thomas Edison 
in the development of the first commercial incandescent lamp to 
the present day, more than an eight-fold increase in lamp efficiency 
has been achieved for comparable wattage sizes. Major epochs 
were the perfection of new filament wire, but equal gains have been 
made by patient, painstaking research in a host of minor aspects 
of design, processing and manufacturing which over a period of 
years, add up to tremendous gains in the lamp value. WwW 
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Lamp Value History—Neither lamp efficiency, lamp price, nor 
lamp life by itself alone determines lamp value. Each of these 
factors must be considered in relation to the others in figuring the 
cost of light; however, as far as lamp value alone is concerned, 
neglecting cost of efectric current, this can be expressed in terms 
of lumen hours per watt for one cent of lamp cost. General Electric 
progress in this respect is noteworthy. 
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THE FILAMENT LAMP.. 


Filament 


Electric current passing through the fila- la! 















































a ment must overcome its resistance and the oy == AA 
_ power consumed heats the filament to E Pl a | Ae: 
a | incandescence. The almost universally = 5 
$ used filament material is tungsten. The = 
é filament may be straight wire, a coil, ora = 
t coiled-coil (indicated respectively by = 
i a the letters S, C and CC). Coiling the 
. wire reduces | i fi- a 
: gas losses, increases effi pet 
H ciency. The illustrations show some of the i I" : mM | = 
i commonly used filament forms (numerals) No. 1 No. 2 No. 5 No. 5 No. 6 NaF Noe =_ : . 
2) and their specific burning positions. Any Any Any — Base Down Any Base Up Base Down _— ae Ep Sha ne le 
i = n 
Gas Support Wires : Bulb 
; as 
Used in most lamps of 40 watts 
p , Molybdenum wires hold the ON this page is shown a typical Keeps the air out and the inert 
| and above, prevents rapid fil ini P eee eG yeep 
ament in place; minimum =o j | ith i 
t : Pate oti filament lamp with some of the more gases in; may be clear, colored 
evaporation o e filament, number desirable to reduce vaeiati ee ef 5s vk 
itting higher t ratures h == common variations In lilament forms, inside frosted or coated with 
permitting higher tempe eat losses. bali: ch db This 1 Pope 
| witeh: cresulboie chighen Pent : DS nar eens: pases: Is lamp Is diffusing or reflecting materials; 
ene Wane aeie nL ” i representative of the 20 principal soft glass is commonly used; 
i hie of. citGaeRO ane eon ik types of filament lamps which con- hard glass permits higher wat- 
{ Poke = 5 t i : 
Ssniedatipe tar cecal conics ae sume ; apa italy et tages in smaller bulbs and use 
: may use krypton or hydrogen. ener oa tae Ge oy a eae ies quidoors, 
offices, schools, factories and the like. 
i The glass is softened during ae The low prices and general avail- Bulb shapes are designated by 
| aa we assembly and the support wires me ability of standard lamps are the result letters as shown here, and ap- 
| | ead-in Wires ee it. It is supported by | of being able to meet most of the proximate diameters are given 
oo m= ° : , 
Conduct the current to and from the button rod. i nation’s lamp requirements with these in eighths of an inch. Thus a 
the filament; copper used from = few types of lamps. 1-24 bulb would be tubular in 
| base to stem press and nickel dhe cther Se percentor thet shape with a diameter of three 
Ps e incan- :; 
| from stem press to filament. — descent lamps represent nearly 3000 mene’: 
f Mica Disc =m listings of special designs, but embody Over-all length is measured 
_ aia are ae — the same principles and fundamental from top of bulb to bottom 
) aye 1 : . 
| Stem Press ‘ cae a pe of hot gases into neck = parts as the standard line. But the of base. Light center length 
t fie ee Sate spur, fee ET Oo ee ; protecting stem press, vm | lamps for specialized applications— is measured from the center 
7 ze Rais ee a ei rom eee Se ee be To deep sea diving, gunsights, photocell of the filament to bottom of 
El Pi ae : Innigher wattage. general sevice Rees | exciters, motion picture projection, screw bases; top of base pins 
| coefficient of expansion at the glass, the in other types when needed. 2 mi vibration and rough service, television or fins of bayonet or 
Pi lead-in wire at this point is a combination | eek Iti : 1 y ae 
| ; ee f 4 | entiscopes, altimeters, are mentioned focused bases; shoulder of post 
| of a nickel-iron alloy core and a copper = peeve ah ¢ al i : 
; leevestDumec wire) o show the variety of special appli- of mogul bipost bases and 
: } J" RQ a| cations. Lamps made for other than bottom of bulb (base end) 
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CONSIDERATIONS AFFECTING LAMP DESIGN 


The objectives of lamp design are quite simple. 
The first consideration is that a source produce light 
most economically for the service intended—to secure 
the best balance of over-all lighting cost in terms of 
lighting results. But to realize this objective most 
fully requires the highest skill in lamp design—a defi- 
nite specification of filament length, diameter and 
form, coil spacing, mandrel size, (the mandrel is the 
form on which the filament is wound), lead wires, 
number of filament supports, method of mounting, 
proper gas, gas pressure, bulb size, shape, and tempera- 
ture. Ina recent design of a picture projection lamp, 
by changing the pitch between certain segments of 
the filament and altering the gas content within the 
bulb, a better distribution of filament temperature 
was achieved; this resulted in increasing the picture 
brightness about 30 per cent. “The economic factors 
of this development are not much concerned with 
saving in operating cost; rather the greater significance 
lies in the fact that it broadens the horizon of lamp 
service, removes some restrictions in the design of 
motion picture projectors, gives the public smaller, 


more portable equipment, and thus more satisfactory 
home movies. | 

A second vital objective in lamp design is uniform- 
ity, accuracy of wattage, efficiency and life ratings so 
that the lamp will give dependable service. This in- 
volves complete coordination of design with practical 
manufacturing methods and processes. Lamp-making 
machinery must be developed and tested. It can safely 
be said that. not a single machine has been introduced 
in any of the many processes of lamp manufacture 
that has not resulted both in a better lamp and a 
more uniform product. It has been estimated that 
lamp efficiency would drop at least 10 per cent if old 
methods of hand operation were substituted for mod- 
ern machine assembly and fabrication. If that be true, 
then machine development for lamp making accounts 
for about 100 million dollars worth of additional 
light to the public annually. Because lamp quality 
and efficiency bear such an important influence on 
over-all lighting costs to the public, it can be said 
that no other commodity of such common usage is 


as rigorously and continuously guarded as to quality 


as are General Electric lamps. 


The Tungsten Filament 


The requirements for a suitable material for a 
lamp filament involve the following properties: 


1. High Melting Point. Light output depends upon the temper- 
ature; an iron heated in a furnace will first glow a dull red, 
becoming more brilliant and whiter as it is heated further. 
Iron, however, melts at about 2800°F. Edison chose carbon 
as a filament because it has the highest melting point of any 
known element. Theoretically the best material, it served 
for 25 years as the only filament material. Carbon melts 
at 6510°F, tungsten at 6120°F. 


2. Low Evaporation. To obtain satisfactory life performance, 
carbon lamps had to be operated much below the melting 
point because of the high rate of evaporation. 


Osmium (melting point 4890°F) and tantalum (melting point 
5250°F), even though having lower melting points than car- 
bon, could be burned at higher temperatures for the same life. 
These metals were once used as filament materials. ‘Tungsten, 
however (discovered in 1781 and obtained from wolframite ore 
mined in Colorado, Arizona and California) proved superior to 
all. In 1913 gas-filled lamps (a principle perfected by Dr. 
Irving Langmuir of the G-E Research Laboratory) were intro- 
duced, gas pressure being a practical means of retarding fila- 
ment evaporation. : 


3. Strength and Ductility. Early tungsten lamps (1907-1911) 
were made of metallic tungsten powder pressed into very 
fragile filaments, acceptable commercially only because the 
resultant efficiency of light production was approximately 
three times that of the established rugged carbon filament 
lamp. In 1910 a method was developed by Dr. Coolidge, G-E 
Research Laboratory, for making ductile or drawn tungsten 
wire having four times the tensile strength of steel. 


4. Favorable Radiation Characteristics. Tungsten selectively 
radiates a relatively high percentage of energy in the visible 
region, producing a continuous spectrum closely matching 
that of a theoretical ‘black body.” : 


Lamp Efficiency 


The properties of tungsten are well known and 
these properties along with radiation characteristics 
are recorded in contemporary handbooks. ‘Theoreti- 


ae 
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cally, a tungsten bar at the melting point would yield 
an efficiency as high as 52 lumens per watt, but in 
practical lamps the highest efficiency of a standard 
lamp listed in the lamp catalog is 35.8 lumens per 
watt (the 250-watt photoflood, 3-hour life); the high- 
est for general lighting service 22 lumens per watt 
(1500-watt, 115-volt, 1000-hour life); incidentally, the 
lowest efficiency standard lamp is the 6-watt, 115-volt, 


1500-hour sign lamp at 6.6 lumens per watt. Between 


these extremes lies the complete range of today’s oper- 
ating efficiencies of tungsten filament lamps. 

In the following table are given ten commercial 
types of 100-watt lamps listed in order of their effi- 
ciency. ‘The range for this one size is from 9.9 to 22.0 
lumens per watt. ‘The first two are vacuum; the others 
are gas filled. From a study of these data the principal 
factors which influence efficiency become apparent. 


Efficiency and Life of 10 Types 
of 100-watt Filament Lamps 


Initial 
Lamp Type Efficiency Life 
(Voltage and Service) (Lumens | (Hours) 
; per Watt) 
1. 240-volt Vacuum (Outdoors) . . 9.9 1000 
2. 120-volt Vacuum (Outdoors) . . 11.3 1000 
3. 120-volt Rough Service Rey 12.0 1000 
4. 240-volt General Lighting . . . 12:4 1000 
5. 120-volt General Lighting . . . 15.4 1000 
6. 60-volt Train. Lighting: i373: 16.5 1000 
7. 120-volt.General Lighting ..° 2). 16.3 750 
8." 30-volt Train Lighting: eo ka 18.5 1000 
9... 1:20-volt Projections 2.1. ek 19.2 50 
10. 12-volt Aviation 22.0 100 
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Effect of Frequency 


On alternating current circuits the current drops 
to zero twice each cycle causing the filament tempera- 
ture and light output to fluctuate with the changes 
in current. Since thick filaments retain their temper- 
ature better than thin ones, flicker decreases as lamp 
wattage is increased. For any size lamp there is no 
noticeable flicker on 60-cycle operation. 


Except for very low wattage lamps, frequency and 
flashing have no commercial significance in terms of 


lamp life. 


Power Factor 


Since the impedance of a lamp filament is made 
up entirely of resistance, lamps operate at unity power 
factor. Coiling and recoiling the filament has no prac- 
tical effect on power factor. 


Gas-filled Lamps 


The purpose of gas inside the bulb is to introduce 
pressure on the filament to retard evaporation. While 
the gas conducts some heat away from the filament, 
this is more than offset by the higher temperatures at 
which the filament may be operated. Inert gases, 
that is, those that do not.combine chemically with 
tungsten, must be used, and the best gas is the one 
with lowest heat conductivity. Nitrogen was first 
used exclusively because of its lower cost; argon was 
recognized as better than nitrogen but it was scarce 
and relatively expensive. Present-day lamps have an 
atmosphere of argon and nitrogen in varying propor- 


tions depending on the wattage. Argon alone ionizes 
at normal circuit voltages and tends to arc between 
the leads. 


The rate of evaporation of a metal when sur- 
rounded by a gas varies with the size of molecule of 
the gas. Krypton gas has a lower heat conductivity 
than either nitrogen or argon and if used for lamps 
would indicate a slight gain in efficiency. “This gain 
would be less for the higher voltage lamps. However, 
krypton is too scarce and expensive to be used gen- 
erally for general service lamps since its use would 
double the present cost of the lamps. It is practical 
today only in special types of lamps such as the small 
bulb miners’ cap lamps where highest efficiency 1s 


desirable to prevent excessive drain on the battery. 


Hydrogen has high heat conductivity and is inefh- 
cient for general lamps but has been employed in 
special lamps used for signaling purposes where quick 
flashing is desired. 


In manufacture, gas is introduced at about 80 per 
cent of atmospheric pressure. Operated under normal 
conditions the pressure rises to about atmospheric 
pressure. Lamps operated at more than normal tem- 
peratures will develop higher than atmospheric pres- 
sure within the bulb causing it to blister and bulge 
if the temperature becomes sufficient to soften the 
glass. When hard glass bulbs are used or where bulbs 
may be cooled by artificial ventilation such as in pro- 
jection housings, increased efficiency may be obtained 
by increasing the internal gas pressure. 


Inrush Current of Tungsten Filament Lamps 


Theoretically, the over-shooting of the current in terms of 
normal current for the lamp would be exactly in proportion to 
the ratio of hot to cold resistance of the tungsten filament as 


shown in the chart at the top of page 14. For vacuum lamps, 


the cold resistance is generally taken at around 1/11th to 1/13th 
of the hot resistance, depending on whether the filament is 
straight wire or coiled; for gas-filled lamps around 1/15th to 
1/17 of the hot resistance, for the usual sizes of lamps up to 
and including 1500 watts. The cold resistance is generally con- 
sidered to be that at room temperature, while the hot resistance 
depends on the temperature of the filament which is a variable 
for different sizes of lamps; the higher the operating tempera- 
ture the greater the ratio between the hot and cold resistance. 


Regardless of the actual ratio between hot and cold resist- 
ance, the current inrush is practically never 12 times or 16 times 
the nominal current because of a number of factors. First, there 
is the inability of the electric circuit to permit the flow of this 
abnormal current instantaneously. There are the characteristics 
of the generator or transformer supplying the current, the resist- 
ance in the fuses, switches, wiring and even in the leads in the 
lamp itself, all of which tend to prevent the current from rising 
to its full value as calculated theoretically from the ratio of hot 
to cold resistance. 


Then, of course, the instant the current does start to flow, 
the filament is no longer “‘cold”’ and the rise of current is further 
retarded. In practice, therefore, the current never reaches the 
calculated over-shooting based on hot and cold resistance but is 
some fractional part of it and dependent very largely on the char- 
acteristics of the electric circuit which might be different for 
each individual case. 


The following data were obtained from lamp tests on lightly 
loaded circuits which eliminated as far as possible, all factors 
which might cause difference between theoretical values and 
actual values of current flow. 


In practical application, fuses, circuit breakers and switches 
all have a bearing on current inrush. Instances have been known 
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DATA ON CURRENT INRUSH 
FOR GIVEN SET OF LABORATORY CONDITIONS 


joo Vrecteteat (ied Time for Current to 

Lamp | Normal | Basis Hot | Current Reach Fall to 

Wattage | Current | to Cold Inrush ax. Normal 

Bs Resist 3 | by Test | Malu |. Value: 

Amperes| Amperes | Amperes | Seconds | Seconds 
15 .625 9.38 Wi2 .0004 .O7 
100 .835 13.0 9.0 .0OO007 © .10 
200 1.67 26.2 17.2 .0008 .10 
300 2.50 40.0 26.2 .0011 13 
500 4.17 67.9 45.7. .0014 15 
750 6:25 101.9 oe Ra: .0021 aa 
1000 8.33 142.4 65.2 .0031 £23 


where it was necessary to adjust circuit breakers for as much as 
two or three times normal lamp load in order to prevent them 
from opening when the load was turned on. Time-limit controls 
on circuits prevent opening instantaneously on lamp loads. Fuses, 
in general, are more sluggish than circuit breakers because there 
is always the time element for heating before the fuse will actually 
blow; there is some variation between fuses of different makes. 
Switch manufacturers have long appreciated the necessity for 
designing the contacts to withstand current inrush and, what is 
also very important, to avoid the tendency of the switch contacts 
to burn when the circuits are opened. The arcing of the con- 
tacts (on the “‘break’’ when the switches are opened has nothing 
to do with the current inrush at the time of ‘‘make,”’ but if the 
switch parts become burned, they fail to make firm and positive 
contact when the load is turned on which does contribute to the 
failure of the switch at the time of current inrush on the ‘“‘make.”’ 
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radiation of most standard lamps represents less than one-tenth 
of one per cent.) 


Per Cent of Input Radiated as Light. This column answers 
the often-asked question: ‘How much of the energy put into 
a lamp emanates as lightd’’ 


Per Cent of Input Radiated as Infrared. As filament temper- 
ature is Increased, an increased amount of this radiation is 
shifted to the visible spectrum. 


ENERGY LOSSES BY ABSORPTION. This heading accounts 
for the input energy to the filament which is not radiated beyond 
the bulb as light or infrared. 


Gas Loss. The percentage of the input energy of gas-filled lamps 
removed from the filament by heat conduction and convection 


End Loss. Because lamp filaments are cooled slightly by lead 
and support wires, the input of energy to the filament as well as 


the outputs of radiant energy and visible light are diminished. ~ 


These reductions are summed up as end losses (see graph on 
opposite page.) Notice the effect of double coiling on the end 
loss of the 60- and 100-watt lamps. 


Bulb and Base Loss. The figures shown are the result of direct 
filament radiation absorbed and heat conducted to the bulb 
through the gases. About half of the energy absorbed by the 
bulb is radiated at longer wavelengths corresponding to the bulb 
temperature; the other half is dissipated by conduction and con- 
vection to the surrounding air. ‘The energy absorbed by the 
base is dissipated by conduction and convection to the socket and 
the surrounding air. 


> 


a design voltage of 12-20; at lower voltages the fairly 
constant end losses become proportionately greater. 
Though low-voltage, high-current lamps are more 
efficient in themselves, the over-all economy for most 
lighting service balances somewhere around present 
central station standard voltages because of lower 
wiring costs and lower line losses. The heavy vertical 
lines on the graph indicate the relative sales of different 
voltage lamps. 


LUMENS PER WATT 
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TABLE 1—Operating Data on Standard Lamps __ - | o 
Data are given for 22 standard types, comprising a considerable range in both wattage size and design characteristics. The values were i Cooling Effects of Lead Wires and Sup- 
obtained by averaging the test results of thousands of lamps. Note the effect of design voltage on luminous efficiency, filament length and Ze d fil t ors reduce light oe 
filament diameter for lamps of the same wattage. The maximum bare bulb temperature is measured with the lamp operating vertically base-up; ports. Lead wire an aes ae eae tb is 
the base temperature is measured at the junction of the base and bulb (see page 21). Ambient 77°F. — output because they drain heat from the filament by Las 
a | | conduction. These curves show the Sane ee a 
e | Max = tem ist diation intensity, and bright- 
g| ‘ perature, resistance, radiation Y; sr ad 
a | Bulb Approx. Maes eee aioli Filament | Filament | Bare Base an : ness near a cooling junction for a long tungsten wire 2 
Watts Size Volts | Amps. ie Lumens | Life, Length, Shee Hemp, poe Temp., aa ia heated to a central maximum temperature of 3860°F. < 
umens | per Watt| Hours Inches eee pall a F. | eau The number of support Me besuliee aaa wi Ge 
a er pr ee ee eS eS | HY “sy service; lead wires are indispensable. Coiled filaments Q. 
a ee oe a4 ie Nee a a 1206 lee POOLE 3385 ie oe — require less supports than straight filaments; coiled- a 
95+ ; A-19 120 O14 260 0.4 1000 99.9 0012 A190 110 108 = 5 coil filaments even fewer. Lamps with many supports, - 
a5 Kao "EL Ta ey ae Tyce ar a 1000: | 45.0°.1..0013 «| sad90  so6G etoor w rough service lamps for instance, will have higher heat - 
604 eo AOC 490 50 835 | 13.9 | 1000 | 21.0 0018 4530 | 252 | 195 oy poleya teecs and tower. efficiencies, these) 
100% ee | A | 490 83 1,630 | 163 750 29.7 | 0025 4610 | 261 | 201 ee cues toy only sgenerel . relationships: which, vary. ay 
100 A-23 | 240 AQ 1,240 | 19.4 1000 35.5 0016 4470 | 285 | 9298 == with each specific lamp size, type and voltage. High a 
TOO es si A-23 30 3.12 1,850 18.5 1000 7.4 0061 4660 285 228 voltage lamps because they require longer filaments S 
100 (Proj). | Ts | 190 | “83 | 1990 | 192 | 50 | 1910 | 0095 | 4890 =e must have more supports. The cooling junction effects 
4). 0 ee ean eee PS-25 120 1.25 clito02,600 17.2 750 23.0 0032 4710 290 209 will therefore be more pronounced. | : 
200 mieieal eat PS-30 120 1.67 3,650 18.3 750 23.9 0038 4750 307 212 <= O t 2 3 (a is. 6 a 8 
300 Me se re PS-35 120 2:50 5,900 19.6 7 hoi8) 27.9 0050 4825 374 173 ail in : DISTANCE FROM LEAD OR SUPPORT -INCHES 
500 Eta a PS-40 120 4.17 9,950 19.9 1000 S25 0071 4840 389 213 == 
(000) | PS.504 490° a oa 91,500 | 21.5 | 1000 38.3 0111 4930. | 475 | 935 — 
1000 Pa PS-52 240 4.2 19,100 19.1 1000 66.8 .0072 4760 475 235 — 
1000 (Proj.) ; T-20 120 8.3 28,000 28.0 50 32.6 .0108 5590 ere iy —— 
1000 (Spot.)t . G-40 120 8.3 22,9007) (22.5 200 38:3 0114 5200 756 192 
1500. 080 eh PSu59 | 490.1 195 33,000 | 22.0 | 1000 43.3 014 5010 505 | 265 — 3 30 
2000) | 8PS:59. | 1908 1 167 44,000 | 22.0 | 1000 46.3 018 5030 2} 855 ."[ 2 | Gas Loss and Wattage. The per cent heat 
3000-6 asics, T-32 32 |°93:8 88,500 29.5 100 13.6 .048 5390 Oss Rs = conducted away from the filament is less as the wattage 
"50002 aces T-64 =<) 790 | 41.7 | 164,000. 39.7 75 44.4 029 5360 860 he is increased. This results largely because the filament, 
T0000». a [es G96 120 | 83.4 325,000 | 32.7 75 54.5 .046 5540 ak regardless of its size, is surrounded by a fairly stationary — , 
{| Vacuum * Coiled-coil filament. t Vertical base down sila sheath of hot gas of nearly constant thickness. The vi 
= percentage heat loss due to gas conduction from the O 
i a. thicker filaments of large lamps is therefore less than - 
i = : with smaller diameter filaments. Lamps below 40 watts 
Al 7 are still or ecg ee eecalts pi recaihahe a < 
; fiers ’ seée = i loss by the gas as shown in the curve (for single coile 
| TABLE 2—Luminous and Thermal Characteristics | filaments only) offsets the advantage gained by the [mm 
| . . showing the distribution of input energy and other thermal and luminous characteristics of three vacuum and several gas-filled lamps. The a lower rate of filament evaporation. Coiled filaments S 
4 filament dissipates its energy by radiation beyond the bulb, by conduction and convection of the surrounding gas, by conduction of the made gas-filled lamps practicable—double coiling O 
a leads and supports and absorption by the bulb and base. The table gives the percentage of the input energy dissipated by each method. "5 gives even more advantage (the 60-watt coiled-coil . 
4 The column headings are explained below. filament has only 13.5 per cent gas loss) and may oO 
Pi = ers extend the gas-filled advantage to lower wattage lamps. 
| Filament Radiation Beyond Bulb Losses by Absorption Filament eens coo is otiaion (See Table 2.) : 
. OQ eee eat of Lig utpu 
*) Watts As As Total Gas Loss | End Loss Bulb and Content, to 90% | to 107% | from Mean, Per Cent — | 
: Light Infrared o oO o Base Loss I ottes Lumens;::|' ‘Lumens; 4-2 se es : 000 | 
a % % os Q g % Seconds | Seconds | 60 Cycles | 25 Cycles i 0 200 yar TACE 800 | 
fi 6t 6.0 87.0 93.0 ee 1.5 5.5 25 04 01 29 69 | 
Bi 107 y ee 86.4 93.5 sane 1.5 5.0 62 06 .02 17 40 a 
a 25%: 8.7 85.3 94.0 a ps) 4.5 2.8 .10 03 10 28 
i AO 7.4 63.9. (F703 20.0 1.6 7.1 9.5 07 .03 13 29 [5 
al 60* diss) 13:33 80.8 13.5 eee 4.5 ao 10 04" 8 19 
tl 100* | 10.0 72.0 82.0 11.5 1.3 5.2 14.1 13 06 5 14 == | o 
| 0.2 67.2 77.4 13.7 7 7. 39.5 29 09 4 11 T Lamp Efficiency vs Design Voltage. Due STANDARD U.S, DISTRIBUTION VOLTAGE, 
: 1.1 68.7 79.8 11.6 1.8 (oy 80. 27 13 3 8 +. < ed | : sbi a ee me A COMPROMISE BETWEEN ENERGY 
i 9'0 503 89 °3 8'8 18 7 38 19 9 6 = to the less proportionate gas loss wit arger filaments, iS DISTRIBUTION EFFICIENCY ANDO 
| 94 653 87 4 6.0 19 £ 67 30 1 y, the efficiency is higher as the wattage is increased. LAMP EFFICIENCY. 
. i Ne eT LOT : =e On the other hand, as the design voltage is decreased i6 
: 7 Vacuum Coiled-coil filament for the same wattage, the filament must be larger to 
| ae handle the extra current. Lamps for 115-volt circuits i4 
a | | th ficient 930-volt lamps; 60- and 
. FILAMENT RADIATION BEYOND BULB.  Tungsten-fila- decreases as the wattage is increased. For this reason, lamps st See ie Gea e es Kahting are cal aa = 12 
a ment lamps radiate energy in the near ultraviolet, visible and below 40 watts are still vacuum lamps. Note the relatively low i ficient The ST ec Ba tt 
. | near infrared spectrums. The percentage of input radiated as gas loss of the 60-watt coiled-coil lamp, a reduction made possible : Boe ee eUlVes SNOW tat rot We ot we He 0 
light and as infrared is shown for several lamps. (The ultraviolet by this type of filament construction. = considered, highest efficiency would be obtained for 
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Resistance vs. Temperature. Tungsten has a positive resistance characteristic, that is, the resistance 
increases with the temperature. Carbon, used in the earlier lamps, had a negative resistance characteristic. 
Since the cold resistance of the tungsten filament is much less than the hot resistance—one-fifteenth to one- 
seventeenth of it—the initial current will be much greater than the final value. This momentary current surge 
is of short duration, but it must sometimes be considered in fuse and circuit breaker operation, and it may have 
some significance in the design of switch contacts. Recent measurements indicate that standard voltage lamps 
do not initially heat to a temperature higher than the final average filament temperature. The white banded 
areas on the graph indicate temperature ranges of present vacuum and gas-filled lamps. 


Filament Dimensions vs. Lamp Wattage. These curves are produced as a matter of general 
interest to show the ratios of uncoiled filament length and diameter for various wattages of general service 
115-volt single-coiled lamps. Lamps of higher voltage require longer filaments of smaller diameter, while 
lower voltage types will have shorter, thicker filaments. Note the relative lengths of the 60-watt, uncoiled, 
coiled and coiled-coil filaments; coiled filaments are only about one-sixth the uncoiled length, while coiled- 
coil filaments reduce the length to about 1/30 of the original uncoiled length. With several minor exceptions, 
all lamps today, whether vacuum or gas-filled, employ coiled filaments. Coiled-coil construction is now 
standard in several types and is being extended to all lamps where it can be employed advantageously. 
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Lamp Efficiency vs. Lamp Wattage. The higher the wattage the higher will be the lumen-per-watt 
efficiency. This holds only for lamps of essentially the same design as regards construction, voltage-class 
and life. In this graph, the center curve (in both the vacuum and gas-filled regions) indicates the efficiency 
of standard filament construction, general purpose 120-volt, 1000-hour lamps. Higher efficiency lamps, 
designed for lower voltage, shorter life, or both, will locate lamps in the upper shaded area. Lamps designed 
for higher voltage, longer life, or rough service will have efficiencies lower than standard lamps and will fall 
in the lower shaded area. The listing on page 10 shows the variation in efficiency of ten 100-watt lamps; 
performance of other lamps can be checked by referring to the latest General Electric Lamp Catalog. 


Lamp Efficiency vs. Filament Temperature. Lamp efficiency increases as the filament tem- 
perature is raised. This is true for a lamp of any given design and construction. The upper curve of this chart 
shows the theoretical efficiency of tungsten metal; when that same metal is reduced in size and put into a lamp 
as a filament the efficiency will be less because of (1) end loss, (2) poorer radiating properties of the filament 
due to coiling, (3) bulb, base and lead loss, and (4) gas loss. The present 40-watt lamp has an efficiency 
64.7 per cent of the theoretical for tungsten metal; the 500-watt lamp is 80.6 per cent of theoretical. The 
decrease in gas loss with higher wattage lamps accounts for most of the approach toward the theoretical 
maximum efficiency. At the melting temperature of tungsten, the theoretical maximum efficiency is about 
52 lumens per watt; the practical limit is about 40 lumens per watt. 
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LAMP ECONOMICS 


The lamp manufacturer must select some definite 
operating efficiency as the basis for the design and 
construction of the filaments used in the various lamps 
produced. ‘The manufacturer can best select the effi- 
ciencies by determining, as well as possible, the con- 
ditions under which the lamps will give its customers 
the most satisfactory and economical lighting service. 
Lamp buyers will find, as a rule, that they should 
operate their lamps at rated voltages and that if any 
departure from this practice is economically justified, 
it is more likely to be in the direction of operating 
a lamp at higher voltage than that marked on the bulb 
rather than at a lower voltage. In the case of lamps 
intended for general lighting service in the larger 





Cost of Producing Light 


One buys lamps almost solely for their qualities 
of producing light economically; otherwise lamps 
might be designed to last a lifetime, since a lamp can 
be made to last one hour or a million hours with 
equal ease. For specialized services, General Electric 
lamps are designed to last from 2 to 2000 hours or 
more (photoflood, projection, sign and street lighting 
lamps) but in all cases the design is predicated on 
studies of practical circumstances that appear to give 
the average customer the most value for his money. 
While individual lamp buyers may present slight de- 
partures from average conditions, the mass production 


Cost per Million Lumen-Hours (Dollars) — 0 


In this formula, the values are referred to as follows: 
E = Average lumens per watt throughout life 
W = Average watts consumed throughout life 
L= Average lamp life, in thousands of hours 
P = Net cost of lamp delivered in socket, in cents . 
R= Cost of electrical energy in cents per kilowatt-hour 


Useful Life ) 

From the mortality curve it will be seen that at 
the end of rated life, 55 per cent of the lamps remain 
burning; but these remaining lamps will deliver only 
6 to 8 per cent additional lumen-hours until they burn 
out. ‘[These additional lumen-hours are the most ex- 
pensive because they are being obtained at decreased 
efficiency. ‘Ihe lowered efficiency often represents a 
loss greater than the small value still left in the lamp. 
It is economical to remove lamps from service when- 
ever the point is reached where the cost of energy 
consumed per million lumen-hours exceeds the aver- 
age cost of light produced up to that time, including 
both lamps and energy. The point beyond useful 
life where it is not economical to burn old lamps is 
termed the “smashing point.” | 


The area under this curve represents the total lumen-hours produced 
by an assumed installation of lamps. It is obtained by combining 
the mortality curve with the typical depreciation rate throughout 
life. The darker shaded part indicates the logical smashing point 
tegion where it is more economical to install new lamps than to 
keep the old ones in service. The light shaded area represents 
the zone of group replacement—that is, relamping the entire installa- 
tion at one time before the normal rate of burnout reaches its peak. 


Efficiency 


( 
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sizes used primarily for illumination, the economic 
element is particularly important. Other factors must 
be given considerable weight in the case of lamps 
designed for special and decorative services. ' 


The results of endless research and painstaking 
care to produce the highest efficiency consistent with 
the most economical production of light may be nulli- 
fied by superficial notions as to lamp economics. Even 
though the cost of producing light is a matter of 
simple arithmetic based on (1) lamp efficiency, (2) the 
relative cost of electricity, and (3) the cost of lamp 
replacements, true economies are quite often slighted 
by the superficial appeal of lamps which merely ‘‘cost 


is 


less,” or “last a long time! 


of standardized lamps has so reduced lamp costs that 
nowhere in the world are lamp and lighting costs as 
low as in the United States. 


In cost-of-light calculations it is convenient to use 
a million lumen-hours as the quantity of light. This 
is roughly equivalent to the total quantity of light 
produced by a 100-watt lamp during its normal life 
when operated at normal voltage. A standard 750- 
hour, 1600-lumen, 100-watt lamp produces 1,047,500 
lumen-hours during its normal life taking into ac- 
count normal depreciation. ‘The formula for the 
unit cost of light is given in the following convenient 
form: 


Lamp Cost 


10 P 
Watts sCLite Kwhr. Cos) OF =F (wr +- R ) 


PER CENT SURVIVING 





0 60 80 
PER CENT OF: RATED LIFE 

Lamp life is necessarily based on averages obtained from life-testing 
hundreds of thousands of lamps annually. The ‘‘mortality’’ curve 
reflects the progress made in uniformity of life rating of G-E lamps. 
A perfect mortality record would be one in which all lamps reached 
their rated life and then burned out. (While some lamps fail earlier 
than rated life, others live longer.) The depreciation curve superim- 
posed on this graph indicates that lamps which live substantially 
beyond rated life have become so relatively inefficient that they 
should be replaced even before burnout. : 
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Group Replacement 


Lamp economics in many installations involves 
in addition to lamp and energy costs the third ele- 
ment, namely cost and inconvenience of replacement 
or handling. ‘This is important in certain classes of 
SEIVICE, particularly where a large number of lamps 
are burned the same number of hours per day at uni- 
form socket voltage or where groups of lamps are so 
located as to require special facilities for relamping. 
Such services are represented in street lighting, in 
large store and office buildings, in signs, coves and 
other hard-to-reach places. In these instances lighting 
service can be improved and the actual cost of pro- 
ducing light might be decreased by replacing all the 
lamps in a group at some fraction of the average life. 
If the costs of replacing individual lamps as they fail 
are relatively high, the group-replacement plan is par- 
ticularly valuable. At 90 per cent life, 72 per cent 
of the lamps are still burning, at 80 per cent life 84 
per cent remain. Replacement at 70 per cent average 


life is oftentimes adopted as the economical point for 
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group replacement, for at this point less than 10 per 
cent of the lamps should have failed normally. The 
most economical schedule will differ in accordance 
with conditions and requirements for each specific 
installation. 
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Because of filament evaporation throughout life, the filament of a 
lamp becomes thinner and thus consumes less power. The light 
output decreases as the lamp progresses through life because of 
lowering filament temperature and bulb blackening. These curves 
apply to a 200-watt general-service lamp. 





From the mortality curve the number of 
burnouts likely to occur within a given 
period can be computed for an infinitely 
large installation. In a new installation few 
burnouts would be expected during the first 
several hundred hours. Approaching normal 
life, many burnouts would occur, necessitat- 
ing frequent lamp replacement. Thus for a 
period of several lamp renewals per socket, 
the renewal rate first swings high, then low, 
finally settling down to a steady rate. The 


The dotted curve showing the theoretical 
rate of renewal holds only for an infinitely 
large installation. Departures from this curve 
in practical installations will, by the law of 
probability more likely be represented by 
the solid block-shaped pattern. The larger 
the installation the closer the two curves 
tend to coincide. Complaints on life 
are occasionally encountered during those 
periods when chance dictates that renewals 
run higher than average, even though a 
record of the actual number of renewals over 
an extended period of time would show 
average rated life had been obtained. 


Operating Voltage as Related to Light Production Costs 


Standards of lamp performance and measurements 
pertaining to lamp quality must be set up in accord- 
ance with precise and unvarying conditions. In a 
publication of this type only typical curves are given 
in order to show the nature of significant data; each 
individual size and type of lamp will be slightly differ- 
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ent. Practical operating conditions in service may 
cause wide variations in lamp performance due to 
vibration, shock, and particularly to actual operating 
voltages. Rarely does socket voltage conform precisely 
to the voltage rating of the lamp. Veltage fluctuations 
at the socket are due to variable electrical load on the 











line, plus voltage losses because of inadequate wiring; 
there are also the inevitable variations due to length 
of run to sockets on the same circuit or different cir- 
cuits where the same wire size is used. 


Operating conditions on each customer’s premises 
establish for him a specific “mortality” curve which 
will depart from the lamp manufacturer’s curve as 
operating conditions vary from the precise, specified 
standards under which lamps are tested. Consistently 
conducted and precisely controlled tests are therefore 
the true basis for lamp quality appraisal. Only by 
such criteria does General Electric gauge its progress 
in lamp development from year to year. 


Lamp tests under service conditions are useful to 
determine features in design and construction best 
for the particular service, but for a comparison of 
lamp quality such “tests” are likely to reveal only 
the lamp which lasts longest. Because lamps may be 
designed for any life, the best lamp is the one designed 
for the best balance of life and efhciency to produce 
light at the lowest cost. Rarely in practical tests are 
facilities available for honoring the most important 
factors in lamp economics. 


Lamps generally available in any ccmmunity 
should conform to the nominal voltage of the central 
station serving the territory. Central station voltages 
country-wide in 1944 indicate 1.3 per cent of the pop- 
ulation served at 110 volts, 43.4 per cent at 115 volts, 
55.3 per cent at 120 volts and 0.1 per cent at all 


other voltages in the 110—130-volt range. Lamp pur- 
chases by voltage do not coincide with these propor- 
tions, rather they show that a larger proportion of 
lamps of higher voltage rating are being used than 
service voltages call for. . : 


It was stated earlier that operating a lamp at volt- 
ages actually higher than voltage rating of the lamp 


would likely prove most economical in the cost of 


light production. (The most economical point will) 
be found where the cost of current consumed is about © 


five or six times the cost of the lamp.) 


The cost of light in terms of “cost per million 
lumen-hours” is just as real and quite as significant 
as “miles per gallon” obtained in figuring automobile 
driving costs. For convenience the cost of light “per 
million lumen-hours” for common sizes of lamps has 
been computed for various rates for electricity. (The 
8 lamps used in the computations account for over 
half of the nation’s lighting kilowatt-hours.) While 
lamp cost is the least important factor in cost-of-light 
computations (in comparison with lamp efficiency and 
cost of current), prices used in obtaining the table 
below are list for the smaller sizes and at a 25 per cent 
discount for the larger sizes. Greater discount to 
purchasers will change the values but slightly, yet 
it should be cautioned that lamps which do not attain 
standard efficiency rating of the General Electric lamps 


used in the computations will result in appreciably | 


higher “‘unit costs” than shown in the Tables. 


Cost per Million Lumen-Hours, 25-, 40-, 60-, and 100-Watt Lamps at List Price 





Comat 25-Watt 40-Watt 
E peu et Pal eos 
doer NW At5V.. | 120V |. .195V. | 415V-.| 120V 


60-Watt 100-Watt 


125V 115M 120V 1eay 115V 120V 125V 


Kw-Hour || Lamp at bane at Reue at Lamp at Eee at | Lamp at | Lamp at | Lamp at | Lamp at | Lamp at | Lamp at | Lamp at 
120 120 120 120 


120V 


120V 120V 120V 120V 120V 120V 1 20V — 


$6.21 $4.29 $4.63 $5.03 $3.73 $4.00 $4.31 
5.20 3.60 3.88 4.21 3.14 3.35 3.61 


6.0 $6.58 | $6.88 | $7.30 | $5.28 | $5.69 
5.0 5.60 | 5.81 6.13 | 446 | 4.78 
4.0 4.61 | 4.74 | 4.97 |. 3.64 | 3.87 
3.0 $3.63..| 3.67 |: 3:80 |; 9.89. |. 9:96 
2.5 3.13 7p. 3693 | -3.99 | 2.41 2.51 
2.0 2.64 | 2.59 | 2.63 | 200 | 2.05 
1:5 2.15 2.06 | 2.05 | 1.59 | -1.60 
1.0 1.66 | 1.52 1.47 | 1.18 1.14 
0.5 1.17 99 .89 4 69 








Cost per Million Lumen-Hours, 150-, 200-, 300-, and 500-Watt Lamps at 25% Off List Price 





300-Watt 500-Watt 


195V | 115V | 1290V | 195V | 115V | 120V | 195V 


Kw-Hour || Lamp at | Lamp at | Lamp at | Lamp at | Lamp at | Lamp at | Lamp at | Lamp at | Lamp at Lamp at | Lamp at | Lamp at 
1 120 120 120V 

















Cost of 150-Watt 200-Watt 
eg per || 115M" | 420V. | 425V") 115V. | 420 
290V | 120V | 120 
6.0 $3.52 | $3.78 | $4.08 | $3.41 | $3.65 
5.0 2.95 | 3.16 | 3.41 | 2.86 | 3.05 
4.0 2.39 | 2.55 | 2.74 | 232 | 2.46 
3.0 1.82 | 1.93 | 2.07 | 1.77 | 1.86 
2.5 1.54 | 1.62 | -1.73 | 1.49 |- 1.57 
2.0 1.26 | 1.32 | 1.40 | 1.22 | 1.97 
1.5 98 | 1.01 | 1.06 94 97 
1.0 69 70 72 .67 68 
0.5 At 39 .39 40 38 
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$3.92 $3.24 $3.45 $3.69 $3.30 $3.50 $3.74 
a:21 2.72 2.89 3.08 2.77 29:3 3513 


2.03 2.20 2:33 2.48 2.25 yee a) 2-52 
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These characteristic curves for large gas-filled lamps show the effect of operating a lamp at other than its rated 
voltage. These characteristics are averages of many lamps and can be reduced to equations* which enable 
the lamp user and designer to predetermine lamp performance under varying conditions. 





* Exponents of lamp characteristics are used in the following relationships: 
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~~ Jumens/watt lumens volts amps 
amps volts J (ets watts Ve (vorrs volts 
AMPS ~ \ VOLTS ae WATTS VOLTS 
Capitals represent normal rated values. 

The exponents are as follows: : 
a b d u h k s y 

Gas-filled lamps............. 3.86 (el 13.1 24.1 1.84 3.38 2.19 6.25 

Vac s lamps 6s ss vee ce Fs 3.85 7.0 bos Zou 1.82 5.01 se 6.05 
Zz t n { g j 

Gas-filled lamps............. 7.36 0.541 1.54 0.544 1.84 3.40 

Vacuum lam PS occ vb. bee bie 8.36 0.580 1.58 0.550 1.93 3.30 


Exponents d, k and t are taken as fundamentals and other exponents are derived from them. 
Values given apply to lamps operated at efficiencies near normal and are accurate enough for calcu- 
lations in the voltage range normally encountered. 


The theoretical life of lamps calculated by the exponential relationship of life and voltage is 
seldom realized in practical installations in the case of excessive “undervoltage” burning, since 
handling, cleaning, vibration, etc., introduce breakage factors which tend to reduce lamp life. 
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LAMP TEMPERATURES = 
The question of lamp temperature is important Spotlighting, floodlighting and certain other lamps aS 
because (1) it oftentimes determines the satisfactory are sometimes operated in equipments having insufh- ee 
performance of the lamp itself, (2) the heating of cient ventilating facilities or design faults which result Co wl Be ac IIDNTEMPERATORE ee 
adjacent or surrounding equipments such as the sock- in excessive lamp temperatures and occasionally cause opule Z \10;~ Oo COINT OPPOSITE FILAMENT Brea — 
ets, wire, etc., may cause early failure of the unit and bulb blistering and other glass troubles. Mirrors or as a 66 a Onan ae Ge ee ee 
in some cases result in actual hazards, and (3) the other reflecting surfaces used in such units reflect con- —S £6 PT | ee ttt tf 
proper use of lamps in hazardous locations where at- siderable quantities of radiant energy back through WO 90 DO iG 
mospheres of coal dust, grain dust, or explosive vapors the lamp. Several cases have been reported where the == ee eee ae el 
prevail involves an understanding of lamp and fixture reflected beam was concentrated or focused, either by _ : os 60 Rute i. bce eee ee 
temperatures and atmospheric ignition characteristics. misadjustment or faulty design, on some glass portion _ Er SA lla ee ea ee ee ee ee 
fe of the lamp. If this beam of radiant energy is focused i a Bie ese ce fee ad ch 2 fae need cw | OI) 
Though lamp operating troubles due to excessive gn the bulb it may raise the temperature sufficiently : eo 40) 50 6057 7080790 100 180.” 190 
temperatures are relatively few, there are certain dif tq cause blistering; if the beam is concentrated on -— a. PER CENT. RATED VOETS 
feulties: which may arise. ‘Especially Under estienicy dhe glass stein, stem pressor button, the filament sup- acs Lamp Temperature vs Voltage. The temperature of a gas-filled 
conditions of ea epee ores aoe: An exe of ports may sag and short circuit or allow the filament _— lamp at any point depends on the jipressed valtage: The temperature of 
these troubles would include bulb blistering, loosen- to buckle and strike the relatively cool bulb. oon all points on the bulb will be increased as the voltage is increased, and vice 
ing of the base, melting of the solder, deterioration of versa, as shown by the above curves. The temperature, however, does not 
the wiring near the socket, deterioration of the socket Seite s ineteasc1 ots decicase: Assfapidly: as doe te veleue: 
parts, and thermal cracks due to localized cooling Thermal Cracks gS | 
when fixture parts are allowed to touch or hang on The relatively hot bulbs of gas-filled lamps require bie 
lamps. Occasionally violent failures of lamps occur that they be protected from localized cooling due to Cc b 
due to thermal cracks. contact with rain or snow and with fixture parts. iad ul 
Operating a lamp at a high bulb temperature will For es when eerie pak aa ordinary aor vi a 
usually not affect the life of the lamp unless this tem- Bass oo oar pais On a Pee reflectors, ‘i < 
perature is sufficient to produce blistering of the bulb, ; reakage 1s frequent y caused by coe, core a= wn 
loosening of the base, melting of the glass supports, in contact with the hot bulb. It is interesting to note ‘ad bh wy 
or some other similar condition. Since the tempera- alae es ee I ans pence == © 
ture at which the filament of a lamp operates is very arr Na aay TOP CC ny ute Ome ne aELCE, fl = | 
high (about 4750° F for a 200-watt lamp), an increase wards when the rainstorm which caused the failure oe of ! : 11 : L L , s | 
in the bulb temperature of a lamp will not produce any ayy Dencomnletc li AOTeObleH: 1 beta Nave also ues = 3 INCHES FROM LAMP BULB | 
noticeable increase in the filament temperature. And cases where the lamp bulb was cracked because of , 2 é : | . | 
so long as the filament temperature is not increased, Loca ee Co oene Gaus CAP One OF Ob ye Ue = Temperature Gradient in sir. dhe lelibera reo ie aaa | 
there will be no effect on the life of the lamp or its te the areas Glass se CE Sree oe ihe cradioht nears 100. vatt lamp. The at demueratiie an inch away fete | 
: light output. Se eee ee sal ie hin ey nee —— the bulb is only about 20 degrees greater than room temperature. eae | 
the bulb. The use of hard glass bulbs will usually = All temperatures shown are in degrees Fahrenheit. Lamp bare. Ambient 77° 228 | 
5 | se oe eliminate thermal cracks due to water or bugs. 2s ! 
a Bulb Blistering yd ccanhesnospnnines csdenianmenesnan diganinciien itera scan Ae nro best nostic Gnnanceenann ne odaanitenns inne sarend biSenni ead OMS GORINE CeO 
| Be ere entree amma Thermal cracks due to localized cooling may result i 
i F es eae ae : P when the bulbs are allowed to touch the fixtures in | i | 
i | goes cctahized ap pica nous: If a region of the bulb which the lamps are burned. The cooling of a par- i ee it Aa oP | 
. is heated to the softening point of the glass involved, ticular spot or area of a hot bulb will cause internal a. | 
. i a bubble will be formed on the bulb due to the pres- stresses in the glass which often result in cracks and st 
i sure of the gas within. There appears to be no exact _ early failure. Along the same line, the user should nD | 
| temperature at which the glass will soften owing to be cautioned against hanging shades and reflecting ae San 
| the many variables such as a particular batch of glass devices on lamps. Again localized cooling may cause == 500 W ad : 
. | used, thickness of the bulb at the point considered, thermal cracks and result in early lamp failure and in “5 
, degree of blackening, position of burning the lamp,  CXTEME Cases the weight of the fixture hung on the if | 
: etc. The maximum safe temperature at which the bulb might cause loosening of the basing cement. = 
| glass bulbs of most of the lamps should be operated Mention has been made of hard glass lamps of = 
| is about 700° F. This limit applies to the so-called specialized design for specific applications such as a. 
i “soft” or lime glass bulbs. Lamps having a hard glass bipost and projection types where high wattage is et 
i bulb similar to Pyrex, such as most of the floodlight- accommodated in relatively small bulbs. Hard glass = 
| ing, projection and all the bipost lamps, will with- lamps are also available in wattage sizes from 500 to L 
| stand higher bulb temperatures without blistering. 1500 watts in the standard PS bulb. These lamps I | 
| : The maximum safe temperature for hard glass bulbs cost more than the ordinary bulb but are recom- = : | 
| is 885° Fand for Pyrex. bulbs’ 975° F:..." Tests have mended in applications such as open-type outdoor : : ——)" ee | 
| shown that the increase in bulb temperature of a  floodlights, or where lamps may be subject to thermal | + >: | 
r | blackened bulb nearing its normal lamp life is of the cracks due to water or moisture, or in enclosures ad | 
iy general magnitude of 8 per cent. where excessive temperatures prevail. : 
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Base and Socket Temperatures 


‘The maximum safe temperature of the basing ce- 
ment of the standard line of lamps using cement bases 
is 345° F. ‘This temperature is measured at the junc- 
tion of the bulb and base. Solder softening also is a 
factor and sometimes causes excessive base heating 
due to the resulting poor contact. Above 300 watts, 
most general service lamps have mogul screw bases 
which are mechanically fastened to the bulb. ‘These 
bases should not be operated at temperatures which 
exceed 390° F. The construction of mechanical and 
bipost bases is illustrated on page 23. 


Since the pin-type contacts of the bipost lamp are 
but extensions of the heavy filament support rods, 
considerable heat is conducted from the filament to 
the external posts or contacts. ‘This means that bi- 
post sockets must be designed for high temperatures— 
the brass clips of these sockets should withstand a 
temperature of 550° F. ‘he wire bringing power to 
the sockets is also subjected to temperatures which 
require a special combination of wire and insulation. 
Copper and nickel wire with various asbestos insula- 
tions have been developed for such applications. Many 
approved bipost units now have an additional insu- 
lator over the wires adjacent to the sockets. ‘These 
are two-hole tubes which will just fit within a 54-inch 
piece of tubing used to connect a fixture to the ceiling 
outlet. 


Ventilation of bipost fixtures will reduce the bulb 
temperature of the lamps, though often where a reduc- 
tion is likely not needed. ‘The temperature of the 
lamp base, socket or wire, where the reduction is de- 
sired, may actually be increased by ventilation. If 
the ventilating spaces are above the lamp base or 
socket the hot air from the lamp bulb will flow up 
past the base and socket increasing the temperature 
of these parts. ‘This is commonly referred to as the 
“chimney effect.” Ventilating spaces below the maxi- 
mum bulb temperature region are effective in lower- 
ing base and socket temperatures. 


A well-designed socket canopy is comparatively 


small in diameter, does not extend beyond the zone of © 


maximum bulb temperature of the lamp, and has its 
inner surface painted black. ‘The socket canopy is 
the metal cylinder which covers the socket and paint- 
ing its inner surface black makes it a better radiator 
of heat. Socket temperatures have been lowered as 
much as 10 to 15 per cent by this means. When the 
socket canopy extends beyond the zone of maximum 
bulb temperature, excessive lamp base and socket tem- 
perature invariably result. The zone of maximum 
bulb temperature for the 500-watt lamp is. about 
54 of an inch below the disc. 


Hazardous Locations 


The Underwriters’ Laboratories have made a clas- 
sification of hazardous locations and have specified 
types of electrical equipments to be used in such at- 
mospheres. Care must be taken in the design of the 


below the ignition point of the inflammable material 
involved. 


Considerable study has been made to determine 
the dangers of using incandescent lamps in atmos- 
phers such as are found in flour mills, grain eleva- 
tors, etc., where disastrous dust explosions might occur. 
It should be understood that a fire may be started 
with any incandescent lamp, vacuum or gas-filled, if 
operated for a considerable length of time in an at- 
mosphere which allows the heat energy to accumulate. 
Actually, the surrounding material can continue to 
rise in temperature until it reaches a point where the 
energy is dissipated as rapidly. as it is supplied. If 
combustible materials are present and the final tem- 
perature is high enough, a fire may be expected. The 
ignition temperature of durum wheat dust is around 
510° F, of cornmeal about 930° F. Smoking tempera- 
tures are considerably less. 


Incandescent lamps should be used only with outer 
globes or other protective devices which will eliminate 
the possibility of the lamp ever being broken so that 
the hot filament can come in contact with the explo- 
sive mixture. 


Though the ignition temperature of the different 
atmospheres is variable, units having exposed surfaces 
whose temperatures are in the neighborhood of 150° F 
may be considered as safe to use. Many vapor-proot 
lighting units are now commercially available for use 
in atmospheres containing gas, explosive oil vapors, 
etc. ‘The use of portable lamps on drop cords is pro- 
hibited around grain bins. At times such lamps are 
allowed to become actually buried in grain and the 
fire hazard is extremely great in such cases with any 
size. or type of lamp. Obviously the temperature 
builds up to a quite high value when there can be 
little radiation from the bulb. Various means are 
used to decrease the chance of accidental lamp break- 
age, a hazard packed with more possibilities for danger 
than explosions due to dust collection on a lamp bulb. 
The incandescent lamp when properly installed and 
used, is however, by far the safest illuminant for haz- 
ardous locations. 


Lamps for Refrigeration Rooms 


The relative heating effect of vacuum and gas- 
filled lamps in refrigerated interiors has long been a 
much-discussed topic. ‘The fact that the vicinity of 
gas-filled lamps is comparatively hot has given rise 
to the erroneous assumption that gas-filled lamps will 
heat meat coolers, cold-storage warehouses, etc., to a 
greater extent than will vacuum lamps of the same 
wattage. Such interiors have walls well insulated to 
prevent the passage of heat and light and the entire 
amount of heat and light energy is eventually ab- 
sorbed by the walls and taken up by the cooling sys- 
tem. Hence the effect on the cooling system is the 
same regardless of the type of lamp used. One kilo- 
watt-hour of lighting will produce 3414 B.T.U. of heat. 


However, if meat, for example, is hung very near a 
gas-filled lamp it may be sufficiently warmed to cause 
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BIPOST BASES 

For most applications lamps are supplied with one 
of the various sizes of screw bases. Where a high 
degree of accuracy in positioning of light sources with 
relation to optical elements is important, as is the 
case in projection systems, bipost and prefocus bases 
insure getting the filament properly located. More- 
over, the bipost base is necessary to carry the heavy 
filaments used in high wattage lamps. ‘The new con- 
struction eliminates the conventional stem seal and 
lead assembly and substitutes a supporting structure 
that is made of one piece of channel nickel. Such 
construction gives maximum strength to the long 
leads carrying the heavy filament and provides a 
greater exposed surface to dissipate heat. ‘he metal 
prongs which hold the lamp in the socket carry the 
weight of the entire metal structure instead of putting 
the burden on the glass. 


MECHANICAL BASES 


To provide greater strength and a better all- 
around performance from some of the higher wattage 
floodlight and street series lamps as well as certain 
general service lamps, a mechanical base has been 
developed. It is similar in appearance to the regular 
mogul screw base which, like the other screw bases, 
is cemented to the glass bulb. Under severe service 
conditions which subject the cement to wide varia- 
tions in temperature even the best basing cement 
loses enough of its strength to sometimes cause un- 
timely lamp failures. ‘Ihe mechanical base, which 
eliminates the use of cements, consists essentially of 
a glass bulb, an inner brass shell, and a brass screw 
base. ‘The heavy glass in the neck of the bulb has 
four recesses moulded into it, while the inner brass 
shell has four lugs so positioned as to snap snugly 
into these recesses when the parts are assembled. One 
of the lead wires is then welded into a prong contact 
in the inner brass shell. After the brass screw base 


BULB BLACKENING 


Bulb blackening is the result of gradual filament evaporation as 
a lamp is burned; it is a normal and inevitable result of lamp operation. 
In vacuum lamps the blackening due to the tungsten particles is 
spread over the entire inner bulb surface. With gas-filled lamps the 
hot gas stream carries the particles upward resulting in a relatively 
dark spot over a small area above the filament. When lamps are 
burned base up, part of the blackening will be deposited on the 
neck area where much of the light is normally intercepted by the 
base. Thus the lumen maintenance in this position will be a few 
per cent better than for base down operation. (See illustration 1.) 

To reduce blackening and to perfect the inner atmosphere, an 


_ MECHANICAL 








is screwed onto the inner shell and turned up flush 
with the neck of the glass bulb, the second lead wire 
is welded onto the end of the base. As a final opera- 
tion the base and the inner shell are pierced and thus 
locked together. 


active agent known as a ‘‘getter’’ is used inside the bulb. The 
chemicals making up the getter can be applied to the filament or 
leads or may be in the form of a gas in sufficient quantity to insure 
satisfactory light output throughout life. 

In the case of certain lamps in which blackening would not be 
reduced enough by getters alone, various other means are also 
employed. Some of the high wattage lamps used in motion picture 
photography have a small amount of loose tungsten powder in the 
bulb, which, when shaken about in the bulb, removes much of the 
blackening (Illustration 2, below). The general service bipost 
lamps have a collector grid—a piece of wire mesh fastened to 
each lead-in wire which reduces blackening by attracting and holding 
the tungsten particles (Illustration 3). 
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LAMP DESIGN FEATURES FOR SPECIALIZED APPLICATIONS 


It is an interesting fact that nine of the common 


| lamp sizes from 25 to 300 watts consume 80 per cent 


of the electrical energy used for 110—130-volt multiple 
lighting; 20 types will account for 95 per cent, leaving 
many hundreds of lamp types, sizes and finishes to 
account for the remaining 5 per cent of the lighting 
requirements. Many millions of the common types 
are made and sold each year, whereas the demand for 
lamps for specialized services may range from only a 
few to perhaps several million. ‘The demand for 
50,000-watt lamps is still considerably less than one per 
year though these were made available fifteen years 
ago. Similarly, the demand for divers’ lamps in the 
1000-watt and 5000-watt sizes is still small; yet such 
lamps may be obtained to withstand the water pres- 
sure under 30 fathoms of water. The demand for 
these lamps has increased tremendously due to the 
war and the demand is likely to continue as postwar 


salvage operations are carried on to retrieve buried 
fortunes represented by the thousands of ships sunk 
during the war. Hundreds of important, though per- 
haps less dramatic applications of lamps for specialized 
services—aviation beacons, airplane landing lights, 
home movies, railroad and traffic signals, artificial 
sunlight, and a host of other advancements which are 
commonly accepted today, have been made possible 
by progress in lamp making. ‘The features which mark 
lamps for specialized application may be classed under 
the general head of adaptability—changes in filament 
coiling, leads, light center, gas content and pressure, 
most of which are not apparent on inspection except 
to the lamp expert. Many lamps, however, have more 
obvious features which identify them as specially de- 
signed for optical precision, light control, special bulb 
contours, and various bulb finishes for decoration or 
spectral quality. 


Bulb Shapes and Finishes 


Bulb Shapes 


For general utility lighting there is almost com- 
plete standardization of lamps in the A and PS bulb 
shapes. Flame-shaped and round bulb lamps in the 
15-, 25-, and 40-watt sizes still have considerable de- 
mand for ornamental fixtures where the bulbs are 
exposed and where the bulb shape is related to the 
artistic design of the luminaire. ‘These lamps are 
supplied with an outside coating in white, ivory and 
flametint finishes; outside coatings do not stand up 
well for outdoor use. 

Tubular bulb lamps extend lighting applications 
since they can be placed in small inconspicuous reflec- 
tors for display cases, small coves and narrow cavities. 
Intermediate and medium screw bases are used on these 
low-wattage sources. Projection lamps employ tubular 
bulbs because of space limitations; prefocused bases 
are standard. The Lumiline lamp represents a con- 
siderable departure from conventional lamp construc- 
tion since the filament extends between the contact 
caps at the ends. Special disc bases and lampholders 
are employed. ‘These lamps provide for a continuous 
line of light and are applicable either exposed or in 
narrow trough reflectors where low-wattage sources of 
white and colored light are desired. The lumen out- 
put or efficiency of tubular bulb lamps using extended 
filaments is reduced because of the heat loss due to 
the additional supports required. 


Bulb Finishes and Colors 

Inside frosting is widely applied to many types 
and sizes of bulbs. Frosting gives moderate diffusion 
of the light, thus reducing glare when lamps are used 
exposed, and eliminating striations and shadows when 
used in most types of equipment. By frosting inside 
the bulb, the outer bulb surface is left smooth and 
easily cleaned; furthermore, the inside frosting absorbs 
little light—perhaps 1 to 114 per cent. While white 


glass or white coated bulbs give greater diffusion, the 


loss of light is of the order of 15 per cent. 
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White Bowl Lamps. ‘These lamps have a white 
diffusing enamel on the inside of the bowl and are 
applicable principally in open direct lighting reflec- 
tors. ‘This coating redirects about 80 per cent of 
the incident light upward, 20 per cent being trans- 


mitted diffusely through the bowl. This control in 


redirection and diffusion of the light greatly lessens 
glare and softens shadows. 


Daylight Lamps. ‘These lamps have blue-green glass 
bulbs which absorb some of the red and yellow rays 
producing a whiter light. The color correction falls 
about midway between unmodified tungsten-filament 
light and standard natural daylight. The color temper- 
ature of daylight lamps ranges from 3500 to 4000° K. 


Colored Lamps. Colored lamps in diffusing bulbs are 
available in three different types of finishes: (1) Out- 
side spray coated, (2) inside coated or enameled, and 
(3) ceramic glazed. Outside-coated lamps are suitable 
for indoor use where not exposed to the weather. 
Their surfaces collect dirt readily and are not easily 


cleaned. Inside-coated or enameled bulbs have smooth 


outside surfaces that are easily cleaned. The pigments 


are not subjected to weather and therefore have some 


advantage in permanence of color. Ceramic glazed 
finish is a recent development which gives a perma- 
nent finish to the bulb with the ceramic pigments 
fused into the glass. Purity and uniformity of color 
is only moderately realized and efficiency of light 
transmission is perhaps 20 per cent lower than equiv- 
alent lamps of clear or natural colored glass. 


Natural Colored Glass Lamps find application 


where purity, efficiency, and permanence of color is 


desired, and are used more for specialized applications 
than for ordinary sign and decorative color effects. 
These lamps cost somewhat more than coated lamps 
and only a few colors are regularly available. Because 
of their greater efficiency of light transmission, the 
over-all cost of producing colored light with natural 
colored lamps is about the same as with coated lamps. 
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Voltage Classes 


Street-railway Lamps, 525- to 625-volt Circuits. 
Street-railway service requires lamps combining in a 
way the characteristics of regular multiple lamps with 
some of the problems of series service. ‘Trolley volt- 
ages and some shop and yard circuits range generally 
from 525 to 625 volts. Lamps are designed to operate 
5-in-series on these voltages. Dividing the trolley 
voltage by 5 gives the designed voltage of the individ- 
ual lamp. The high circuit-voltage dictates specially 


designed lamps for the service. To identify this serv- 


ice the lamps are rated in odd wattages—36, 56, 94, 
101, etc.—to distinguish them from regular multiple 
lamps. The larger, gas-filled lamps, identified by the 
figure (1) as the last digit, contain material in the stem 
which tends to prevent arcing when burnout occurs. 

In the newer cars using filament lamps, specially 
designed 30-volt gas-filled lamps are used, the number 
of lamps on a circuit being determined by dividing 
the trolley voltage by 30. Each lamp is equipped with 
an automatic short-circuiting element which shunts 
the lamp out of the circuit when the lamp burns out. 
These lamps are rated in amperes instead of watts. 
They are available in the 1.0- and 1.6-ampere size. 


High-voltage Lamps, 220- to 260-volt Circuits. 
This refers to lamps designed to operate directly on 
circuits, nominally 220 to 260 volts. ‘This voltage class 
is quite common in Eurupean countries but in the 
United States represents less than one per cent of 
lamp demand. A small demand still exists for 275- 
and 300-volt lamps for mine-lighting service. 
High-voltage lamps necessarily have filaments of 
smaller diameter and greater length. ‘The filaments 


Limited Service Lamps 


Lamps designed for very specialized services often 
appear like other more common sources, yet the de- 
velopment and manufacture of special lamps require 
a specific and intimate knowledge of the electrical 
and mechanical circumstances under which the lamps 


Elevator Signal 

Emergency Exit 

Fire Alarm Signal 

Fire and Police Hand Lantern 
Furnace Indicator 


Advertising Projector 
Altimeter 
Annunciator 

Barrel Inspection 
Battery Inspection 
Berthlight Galvanometer 
Code Beacon Gunsight 
Counterfeit Coin Detector High Speed Signal 
Dentiscope Interferometer 
Distilling Tube Inspection Lighthouse 
Deep-Sea Diving Lightship 

Dome Lamp for Battleship Marine Signal 
Electrocardiograph On-course Beacon 


While it is not possible to discuss all of the lamps 
specifically designed for each of the above services, the 
following types of lamps deserve brief discussion. 


Photometric Standard Lamps. Precision measure- 
ments are basic in every industry. Photometric Stand- 
ard lamps of both the vacuum and gas-filled type are 
available for use with comparison photometers, and 


Photophone Recorder 
Pilot Ballon Observation 
Pilot Lamp for Rectifier 
Plant Research 

Police Signal 

Pyrometer 

Radio Picture Transmission ‘Television 
Radio Protector 
Recording Microphotometer X-Ray [lluminator 
Resistance 


are less rugged, require more supports, and conse- 
quently are less efficient than 120-volt lamps. A 
940-volt lamp will take but half the current of the 
same wattage 120-volt lamp, thus permitting some 
economy in wiring of branch lighting circuits. 


Low-voltage Lamps, 6- to 64-volt Circuits. Lamps 
are designed for several classes of low-voltage service 
generally provided by battery-generator systems. For 
train lighting, lamps are rated for 30, 32, 60 and 64 
volts. The 30-volt lamps are also known as Country 
Home lighting lamps because of the predominance of 
this application to portable farm lighting systems. 
Such systems also supply lighting for yachts, for iso- 
lated aviation beacons and landing fields and for 
many places where central station service is not avail- 
able. Six and 12-volt lamps in low-wattage sizes are 
also available for use on small wind-driven battery- 
generator outfits, and for automobile battery outfits 
as used on boats, house trailers and airplanes. Except 
that these lamps have conventional large lamp bulbs 
and bases they might be classed as miniature lamps; 
there is no sharp dividing line between so-called large 
and miniature lamp classifications. Generally speak- 
ing, lamps designed for operation on circuits of less 
than 30 volts are considered miniature lamps, even 
though in physical size many “miniature” lamps are 
larger than several of the smaller sizes of “large” 
standard-voltage lamps. 

Low-voltage lamps, because of their higher current 
for a given wattage, are more rugged, and in general 
more efficient than lamps of the 120-volt class. ‘This 
is true only within certain limits as indicated by the 
data on page 13. 





are to be operated. Progress in comfort, convenience 
and safety can best be served by a readiness to make 
available those lamps which give maximum perform- 
ance under the conditions of operation. As an indi- 
cation of the many varied services for which lamps 
are required, a few of the more interesting ones are 
listed below. 


Ophthalmometer Seismometric Recording 
Optical Instrument Sensitometer 
_Oscillograph Spectrograph 


Sperry Gyroscope 
Subway Door Indicator 
Surgical 

Switchboard 

Target Projection 
Telephone Trouble 


Trench Signal 


are especially made to insure stability and uniform 
performance. ‘The bulbs are carefully selected, fila- 
ments are welded or rigidly clamped to the lead wires, 
and the base is nickel plated to insure good contact. 
These lamps are seasoned by burning until the light 
output is stable and are then carefully calibrated and 
rated. 
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Bake-oven Lamps. These sources have four special features 
not included in low-wattage general service lamps: (1) A special 
basing cement will withstand temperatures up to 550°F (2) the 
lead wires are welded to the base, (3) an asbestos insulation is 
placed between the leads in the base so that falling oxide will 
not cause a short circuit, and (4) bake-oven lamps undergo a 
special high-temperature exhaust, giving improved operation and 
longer life at the high external temperature involved. These 
lamps should also be used in other applications where high 
external temperatures prevail. 


Rough-service Lamps. The filaments of lamps designed 
to withstand shocks and bumps are coiled ona very small mandrel, 
resulting in a relatively long coil which is then carefully mounted, 
and held by many supports (the 50-watt rough-service lamp has 
16 supports). Because of the number of supports, the end loss 
will be higher and the efficiency lower. The center supports 
actually grip the filament and prevent slipping and thus possible 
shorting because of sudden shock. Rough-service lamps find 
their principal application in extension cords in garages, industrial 
plants and similar places. They are not recommended for general 
lighting service. 


Vibration-service Lamps. Vibration lamps are especially 
designed for use on high speed machinery or where continuous 
high frequency vibration would cause early failure of general 
service lamps. Many of the lamps for vibration service employ 
a specially tested filament wire. Further, special mount construc- 
tions and filament windings have been developed. Vibration 
lamps are less efficient and should be used only where they are 
justified by service conditions. Vibration and shock frequently 
accompany each other and it is often difficult to separate them. 
For this reason, vibration and rough service lamps may sometimes 
be used interchangeably and sometimes only experiment will 


Sig n Lamps. While millions of ordinary gas-filled lamps are 
used in enclosed and other types of electric signs, those designated 
particularly as “sign’’ lamps are mostly of the vacuum type. 
Lamps of this type are best adapted for exposed sign and festoon 
service because the lower bulb temperature of vacuum lamps 
minimizes thermal cracks due to the contact of rain and snow. 
Some low-wattage sign lamps, however, are gas-filled for use in 
flashing signs. ‘This causes more rapid cooling of the filament 
and reduces the trailing effect which slow-cooling vacuum lamps 
might produce. Bulb temperatures of these low-wattage gas-filled 
lamps are sufficiently low to permit exposed outdoor use. 


ROUGH FILAMENT 
SERVICE CONSTRUCTION VIBRATION 
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Characteristic Curves. Series circuits should be closely 
regulated as fluctuations from normal current will cause considerable 
variation in lamp performance. The effect of current variation in 
series operation is considerably greater than voltage variation on 
multiple operation. Roughly, a one per cent change in amperes 
(0.066 ampere on a 6.6-ampere circuit) will produce about 134 
per cent change in volts, about 234 per cent change in watts, 
about 314 per cent change in efficiency, and about 7 per cent 
change in light output. 


other hand, remain fixed because the lumen output is 
generally specified in street lighting contracts, and 


HIGH- CURRENT 
SERIES LAMPS 
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Depreciation During Life. The light output of a series 
lamp operated at rated constant current changes relatively little during 
life. The filament, evaporating and becoming smaller as the lamp is 
burned, gradually increases in resistance, requiring a rise in voltage 
to maintain a constant value of the current. This in turn increases the 
wattage and filament temperature, causing an increase both in effi- 
ciency and lumens produced by the filament. The increased lumens 
from the filament may eventually be offset by the light absorption due 
to bulb blackening. The actual net changes in lumen output will 
vary with relative bulb size shape, and burning position. 


The increase in voltage and wattage of lamps on series circuits will 
amount to about 4 per cent above the intitial at the end of their 
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MINIATURE LAMPS 


This classification of lamps generally includes 
lamps referred to as automotive, aircraft, flashlight, 
Christmas tree, radio panel, telephone switchboard, 
miner’s cap lamps, surgical and dental instrument, 
bicycle; toy train and many other small lamps operated 
from low voltage sources of power. In recent years the 
demand has grown to three to four hundred million 
annually; the modern automobile uses from 20 to 25 
miniature lamps. The source of power usually em- 
ployed to light miniature lamps is frequently quite 
variable in the voltage delivered to the lamp because 
of battery depreciation throughout life. ‘This compli- 
cates the design for satisfactory performance as the 
lamps must be designed for some suitable medium 
value. 


Flashlight lamps are commonly operated from 
three sizes of batteries. While they all have an open 
circuit voltage of approximately 1.5 volts per cell, 
the voltage they deliver to the flashlight lamp starts 
out at roughly 1.4 volts per cell and drops throughout 
the batteries’ life to approximately .9 volts per cell. 
A further complication is the lack of uniformity in 
the voltage discharge. ‘The design voltage of lamps 
for use on these different size cells is, therefore, neces- 
sarily different. ‘The light output of lamps on nearly 
exhausted cells is about %th that obtained from 
fresh cells. While much more constant than dry bat- 
teries the voltage delivered by the storage battery 
generator systems encountered in cars, small boats 
and planes also varies widely compared to the lighting 
circuits on which large lamps are usually operated. ‘To 








Size Size Size 
AA C D 
(Approx. three-quarter full size) 
Number Initial Lamp Design 
of Cells Battery Voltage Voltage 
1 cell lus 1.2-1.3 
2 cells 3.0 2.2-9.5 
3 cells 4.5 3.6-3.8 
A cells 6.0 4.9-5.1 
5 cells 7.5 6.0-6.2 





28 


integrate these varying voltages, automotive lighting 
engineers have conducted yearly tests with recording 
voltmeters installed in many cars. Such integrations 
indicate quite accurately the proper design voltage 
for the different lamps. Resistors are used in a few 
cases and transformers in others to reduce the 115- 
volt power to the low voltage required for many mini- 
ature lamps. ‘The transformer type reducer delivers 
the most stable voltage to the lamps and lamps oper- 
ated from them give the most predictable performance. 

A large percentage of miniature lamps is used in 
an optical system of one kind or another—mostly para- 
bolic reflectors or reflector-lens systems and hence 
require very concentrated filaments for the proper con- 
trol or redirection of the light emitted by the filament. 
It is not at all unusual by means of such reflectors to 
build up the light in a narrow beam so that in its 
brightest part it is 1000 times stronger than the light 
from the bare lamp alone would be. For such preci- 
sion work the filament should always be located within 
a few thousandths of an inch of the focal point of the 
reflector and this requirement led to the development 
of prefocused lamps. Miniature flange bases are em- 
ployed on the prefocused flashlight lamps and bayonet 


candelabra with collar on the automotive lamps. 





These “‘flash light’? lamps are but a few of more than 1000 
different types of miniature lamps available from the Gen- 
eral Electric Company for every conceivable service. 


Miniature bMinidiine NAinisture gy Contact Downe Contact Sin ale eanlee! Bee Contact 
Bayonet Flange Bayonet Bayonet Prof ocus Prefocus 


han neCH UMN Bay.) Candelabra Candelabra (S C. Pref.) (D C Pref.) 
(SEG) (D C) 





Typical miniature bases 
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Cut-away view of PAR 
bulb showing sturdy fila- 


positioning with respect to 
the reflector section. Bulb 
blackening is negligible, 
therefore minimum depre- 
ciation of light output 
throughout life. 





The ‘Sealed Beam” Lamp 


In the all-glass “Sealed Beam” lamps one or two 
filaments are accurately mounted with respect to the 
aluminized glass reflector and this is then hermetically 
sealed to the cover lens. The lamp is filled, the filling 
tube sealed off and the lamp based with special prong 
or screw terminals. The entire unit then becomes 
the “lamp” in the ordinary sense of the word. 

This type of lamp was introduced first in 1940 
car models, and since then its application has been 
extended to many different types such as airplane 
landing lamps, signaling and special types for war- 
time services. The advantages of this construction 
include the following: 


Accurate Reflector Contour—The glass reflector sec- 
tion is of precise contour since glass flows to the 
mould form in exact uniformity, permanently solidi- 
fies and is not subject to denting or springing out of 
shape during processing and handling. ‘This feature 
permits accurate beam control. 


Precise Filament Positioning—Short stocky filament 
supports assure ruggedness, and filament positioning 


is done with optical accuracy in the large open reflec- 


eco RE RI 

‘PREFOCUSED — 
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These few lamps are typical of the many types used in the 
many lighting applications on automobiles, buses and other 
automotive applications. 


ment mount and precise 
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LIGHT -OUTPUT MAINTENANCE OF 
GENERAL ELECTRIC SEALED-BEAM HEADLAMPS 


THE RELATIVELY LOW WATTAGE ( 40 WATTS) 
IN THE LARGE GLASS BULB (7”OUTSIDE DIAM) 
ACCOUNTS FOR THE NEGLIGIBLE DEPRECIATION 


rei IN LIGHT OUTPUT THROUGHOUT LIFE OF THE 
40 G.£E. SEALED- BEAM HEADLAMP 


LIFE DURATION 















100 





80 














PER CENT INITIAL LIGHT OUTPUT 








tor section before the lens section is sealed on. Since 
the filament, reflector and lens elements are combined 
in perfect harmony as in optical device, higher effi- 
ciency, greater accuracy in light control, and uniform 
results throughout life are attained. 


Efficiency and Maintenance — Aluminum vaporized 
on glass is one of the best reflectors of light, does not 
tarnish, and as a sealed-in reflecting surface, is not 
subject to depreciation due to dust, dirt and moisture 
which succeeds by “breathing action” to get into all 
except the most perfectly gasketed enclosures. Depre- 
ciation in light output of sealed beam headlamps 
throughout life is negligible as shown by the deprecia- 
tion chart above. The old style separate reflector, 
bulb and gasketed lens plate headlamps depreciated 
in service to the extent that on the average, illumina- 
tion results were only about 40 per cent of that 
achieved by the sealed beam system. 


Lamp Wattage—The integral reflector lamp can ac- 
commodate high wattage filaments—one PAR 64 air- 
plane headlamp is rated at 600 watts. ‘The sealed 
beam automobile lamp is readily adapted in design 
to accommodate polarizing materials and the added 
wattage necessary for polarized headlighting systems. 





PAR 36 PAR 46 : 


In the five war years since the first G-E ‘Sealed Beam” lamps 
appeared on 1940 automobiles, nearly half a hundred different 
designs of ‘SPAR bulbs”’ have been developed for automotive, 
airplane, spot and signaling, and specialized services. 
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LAMPS FOR LIGHT CONTROL — Projector (PAR Bulb) Lamps PROJECTOR and REFLECTOR LAMPS | 
: bier 3 ‘ Anv desired pattern of light beam can be incor- | 
Map peso! letipst are. availa ero! ere an Sond ina ae by esas filament position- Ones LAMP secu ts LAMP | 
applications where accurate beam control is necessary. a ing with respect to special bulb reflecting contours. 
Such applications include spotlights, floodlights, loco- 2 One of the most significant advances in lamp con- 
motive headlights, stereopticon and motion picture fa, struction is employed in the projector flood and spot 
projection. In addition to these types there has been — lamps. Instead of the conventional blown bulb, the 
an ever-increasing use of integral reflector lamps, the | lamp is constructed of two moulded glass sections. 
general designation for which refers to lamps in which a A. bowl-shaped section of parabolic or other suitable 
light control is built into the lamp itself by applying a contour on ene a highly ee oe Hae of 
reflecting materials (silver or aluminum) to either pi quince Das been vaporized, Scryes.as tne relector. A\\ 1, SER 
. a — This section incorporates the base and filament. A q/ | \ fi FLOOD- 
oie Quite ange wie Sun i: ee ; eee ee i moulded glass cover plate, either clear or configurated 150 WAT i \ | fh LIGHT 
os an employe phe coed Pe principe ues The standard line of silvered bowl lamps includes the standard =E® by any desirable lens pattern, is then fused to the LIGHT 4 t At | 
simplified both equipment design and maintenance Wattageehiom: 60 .to.1000 walle ‘The silyeredtellector gives indicat en as reflector section. Made of hard glass, this type of | iK\s : q 
problems for widely diverse services. control at 90 to 95% over-all efficiency of unprocessed lamps. le lamp may be used out of doors without danger of 150 WATT { 
In addition to the silvered bowl lamps and reflec- : a thermal cracks, and louvers, shields and color filter //} Jculsit 
tor and projector lamps which are most widely used, Bek fittings may be supported by the bulb. a \\\. 
the use of reflector-type lamps has been extended to — Be | 
photoflood, heat and drying lamps; also to several a Reflector Lamps [| ae 
mercury lamps such as the RS and RS-4 sunlamps, | This type of lamp has a blown rather than moulded | 1 
the C-H4 and E-H4 mercury lamps used principally —= glass bulb of special reflector contour and _ inside 


as black light devices. 


The Silvered Bowl Lamp 


In this type of finish pure silver is deposited on the 
bulb and sealed with an electrolytic coating of copper; 
over these two metallic coatings is applied an alumi- 
num or bronze finish. ‘he reflecting surface is thus 
protected from all dust, dirt and deterioration. Light 
control is achieved with an initial loss of only 6 to 
10 per cent in light output. Since lamps of this type 
perform the function of light control, economic com- 
parisons with ordinary lamps should be made from 
photometric and maintenance tests of such lamps in 


ing service. “The semi-silvered bowl lamp, recently 
listed, has many applications in commercial service in 














aluminized surface. ‘This construction is less expen- 
sive than the PAR bulbs, and is suitable for all 
manner of interior applications to serve spotlighting 
and floodlighting purposes. It has been observed in 
practice, particularly in show windows and store dis- 
plays, that accessory shields and filters are often spring- 
fitted to these R-bulbs, yet such practice is cautioned 
against because of the likelihood of thermal cracks 
and premature lamp failure. 
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ILLUMINATION IN FOOTCANDLES AT VARIOUS DISTANCES FROM LAMPS 





DISTANCE FROM LAMP 


Spotlight and Floodlight Lamps. 


6 : v3 REFLECTOR trated filaments, accurately positioned with respect to the base. At the 
a: louvered type” fixtures. SHOWCASE focal point of reflector and lens systems a sharply controlled beam is obtained. 
LAMP Bulbs, essentially spherical in shape, are generally employed though tubular 


: : : pt: : ; 5 Feet 10 Feet 15 Feet 20 Feet 
combination with auxiliary reflecting equipment of Se reaase RE care 
: - . : Size Ft-c at Size Ft-c at Size F't-c at Size Ft-c at 
} such a design as to be comparable in light control and of Cantar of Gauice of Canter at Genter 
t distribution The light distribution and shielding offered by silvered bowl lamps Spot | of Spot | Spot | of Spot | Spot | of Spot | Spot | of Spot 
.; : permits use in a wide variety of fixture types. Proj / , , 2 26 
: : : : ar jector Spot) 3... 3 420 6 105 9 47 1 
i; ‘This process has also been applied in neck silvering Pehtes Mand ei rae 9 38 is! “ti 5a! 6 
& and although not regularly listed in lamp catalogs, 150-watt Reflector Spot . a 280 6 70 9! WSL 12! 17 
° ° / / / 
such processed lamps are being used to provide spe- preety eonoctor Elded S ae me ie 18 Sy Ase, 
ged liehidssriu ti eAcE li 300-watt Reflector Spot . ce 640 6 160 9 71 ies _ 40 
cialized light distribution as required for street light- SOO UALE Hellenic Fléod 9, i960 Aa? Be oat me 98 3 


Lamps for this service have concen- 























bulb lamps are better adapted to certain types of equipment. General 
service lamps are widely used for floodlighting applications where narrow 
beam divergence and precise control is not necessary. Airway and airport 
beacon lamps and those made especially for landing field floodlights are 
of bipost-base construction. 


Silvering Process 

i | The process by which G-E Silvered Bowl lamps are silvered assures 
a | a high quality reflecting surface which does not dull, tarnish or 
| | deteriorate throughout the life of the lamp. The glass bowl is 
i | first chemically cleaned and sensi- 
| tized to receive a coating of pure 





Prismatic 
glass 
cover plate 


















| silver. A protective copper layer SPOTLIGHT 3 FLOODLIGHT | 
is then electrolytically deposited Narrow beam projector ee Pig G3 
over the silver to prevent oxida- Spherical | 
section of cuss tion due to filament heat. To this reflector. _Lens 
Me is added, further, a surface of over- Pa. 
a 
ALUMINUM lapping aluminum flakes. These ra 
metallic deposits, approximately cae 
1/5000th of an inch in thickness, ee : 
are firmly sealed to the glass to es Pie eonican tested | 
a highly efficient, mirror- : =  Prefocus base filament floodlight lamp as ee | 
Besos sh Distribution curve of the 40-watt T-10 showcase reflector lamp. : . ma as 
30 om 31 | 





LAMPS FOR Lamp Filament Forms 


| LIGHT PROJECTION BEATIN Ea6 Bhs o- | -. | ey _ any Se = : ee a he amount of incandescent lament that: can Pe included 
STRAY UPWARD : CONDENSING : : a ee on i GP within a given source area depends upon the filament con- 
: 2 ee eae LIG' LENSES : Ss : : mt ee | oe a struction employed. All filaments for projection lamps are 
| a CONCENTRATE PROJECTION LENSES _ = . a US ae mm @=- first. concentrated by coiling. For some, further concentration 
LIGHTON | ENLARGE THE FILM. ~ On ee ae is obtained by coiled-coiling (the coil is coiled upon a second 
THE FILM Les ON THE . i a ee : mandrel). These coiled filaments are then arranged in one 
Sivt- SCREEN oe eS — ee a oa eee or two planes so that most of the light from the coils goes 
Mh i : i \NEO EAN Ee directly either to the condensing lens or to the spherical mirror 
for redirection to the condensing lens. When all the coils are 
in one plane a monoplane filament construction is the result 
and when they are arranged in two planes the construction is 
biplane. These are the two constructions which are essential 

to efficient utilization by projection systems. 


| REFLECTOR | | LIGHT DISTRIBUTION | ae =~ es OOOO: oe 
PLANE FILAMENT oS | ee 1M/T20/P 

oe | Differential Coiling See 

The sketch shows what is meant by differential coiling of 

filaments. The life of a lamp is determined by the temperature 

of the hottest part of the filament, while screen illumination 


3 ee » , Se ee depends upon the average temperature (brightness) of. the 
: DIF FERE ING = oo: filament. When coils are equally spaced in all segments, the 


-PREFOCUSING 


SOCKET AND BASE middle ones become hotter than those at the sides and the 


center coils fail sooner. By differential coiling (using different 
spacings in different segments) the heat disposition in each is 
equalized at a higher average temperature, or brightness— 


One form of optical system, typical of the small portable motion picture projectors that have made home 
thus screen illumination is increased for a given design life. 


movies both practical and popular. A glance at the picture shows that good projector performance must 
inevitably mean close collaboration between projector manufacturers and lamp makers. It is this co-ordina- 
tion of lamp and optical system design that has made possible a sustained increase in screen brightness. 


Lamp Wattage and Screen Illumination 


Even when the most concentrated filament constructions 
are employed, there is a limiting wattage of lamp for each 
type of projection system. The circles in the diagram represent 
the space at the source plane from which light 1s utilized by 
projector optical systems. The area on the filament image 
increases with the lamp wattage, and larger wattage lamps 
can be used with corresponding increases in screen results only 
until the filament size equals the limiting dimensions of the 
optical system. Beyond this limit increased wattage yields 
little improvement in the picture brightness and adds to the 
problems presented in carrying the extra heat away from the 
lamp, film, and projector. 


Lamps for Light Projection 

Light sources used in picture projection systems represent extreme precision in 
lamp making. Light must be accurately controlled in the interest of efficiency and 
compactness. Filaments must be accurately located at the focal points of the optical 
system by extreme care in positioning the filament with respect to prefocusing 
bases. Highly concentrated monoplane and biplane filaments accurately regulated 
as to horizontal and vertical dimensions are employed. Tubular bulbs allow the 
spherical reflector and condensing lens to be placed close to the filament to intercept 
all possible light. A lamp with a 750-watt filament operating at a temperature of 
5300° F and only three-quarters of an inch away from the glass envelope which has 
a maximum safe operating temperature of 975° F must dissipate as much energy as 
a one-horsepower motor. Forced ventilation of lamp housings is necessary in many 
cases to keep glass from softening. 











G-E Lamp Ordering Abbreviations: 

The lamps shown on these pages are identified by their “ordering abbreviation.” 
All G-E large lamps are similarly identified. Some such scheme was necessitated 
by the thousands of different types of lamps available. In general, the ordering 
abbreviation includes the wattage (amperes), the bulb size and shape, perhaps the 
base or some following letter or number which refers to color or finish of the bulb 
or special characteristic so that it may readily be identified in the catalog listings. 


el RECOMMENDED LINE OF PROJECTION LAMPS 





Most modern projectors are designed around 
the fourteen types of lamps listed below. This 
line of lamps gives an adequate range of sizes 
from 75 watts to 2100 watts. The group of 
seven lamps with medium prefocus bases from 
200 watts to 1000 watts represent 80% of the 
demand, with approximately 10% each for both 


It will be noticed that this recommended 


standard line exhibits only focusing types of 
bases in candelabra or bayonet, prefocusing and 
bipost which assure accurate light positioning. 
Early models of projectors, almost universally, 
used screw bases. This aspect alone doubles the 
number of lamp types. The early use of non- 
standard voltages further multiplied the line 
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Photocell Exciter Lamps 

These are small, precision-made lamps of special design 
for use with sound reproduction systems. ‘They are used to 
illuminate the sound track on motion picture films. ‘The 





the lower and higher wattage group. 
sound track regulates the amount of light transmitted 


through the film, the variations of which are picked up by 
a photo-sensitive cell and in turn are transformed into 
electric impulses which produce the sound. 
Exciter lamp recommendations for any projector should 
be limited to the lamp or lamps listed for that model. The 
optical systems for sound reproduction are designed with 
special consideration for the dimensions and shape of the 
filament of the exciter lamp. Substitution of other lamps 
having different filament shapes or dimensions almost in- 
variably impairs the effectiveness of the sound reproducing 
2100 system, either because the dimensions of the scanning beam 3 : 
at the film are altered or because the quality or amount of 5A /S8SC 
secorncon | sme | oie Acne illumination in the beam 1s changed. In addition, substi- : es 
eae tution of other lamps 1s usually impracticable because the 


electrical supply will not readily furnish the proper voltage 
NATURAL MODERATE Mi . . 
A and current to a lamp of different rating. 


several fold. 
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PROJECTOR TYPES 
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LAMPS FOR PHOTOGRAPHY 


The design of lamps specifically for photographic 
service is concerned with actinic quality—that is, pro- 
viding sources which are best adapted to the response 
or sensitivity of several classes of film emulsions. Some 
lamps are specified in terms of color temperature 
which serves as a basic rating for film exposure data. 
‘Thus several lines of lamps are made available for the 
requirements of commercial studios and portraiture 
as well as for taking pictures in color. Photographic 
efficiency and dependability as regards unvarying spec- 
tral quality are of major concern to the photographer. 
Comparatively, life is of little importance, lamps of 
various sizes being matched for color temperature. 
The rated life varies as necessary with the wattage 
size to achieve the specified color temperature. 


Color Temperature Ratings. One line of lamps used 
largely by professional photographers is rated at 


-3200° K which, for example, is adapted to Type B 
Kodachrome film. Another line, popularly known . 


as CP (Color Photography) lamps, is rated at 3350° K 
and is used with a blue filter for motion picture Tech- 
nicolor work. So-called “daylight blue” photoflood 
lamps provide light of approximately 5000° K. Blue 


bulbs act as filters absorbing red and yellow rays, pro- 


ducing a whiter light. ‘The “photographic blue’ 
lamps produce a spectral quality which approximates 


standard natural daylight, the color temperature of 


which is of the order of 6500° K. 


_Photoflash Lamps 


"These lamps, first introduced commercially in 1930, 
have revolutionized the art of pictorial news report- 
ing and have broadened the range of amateur and 
professional photography. Photoflash lamps, physi- 
cally patterned after the regular incandescent lamps, 
are actually “combustion” sources. Instead of burn- 
ing fats or oils as in the historical candle and oil 
lamps, they burn aluminum foil or wire or, in the case 
of the SM, solid material on the lead wires. ‘This com- 
bustible material ignites or oxidizes readily in an 
atmosphere of pure oxygen. ‘The lamp bulb is simply 
a container for the inflammable metal and the oxygen; 
the familiar filament serves simply as the match or 
spark plug which ignites the fire, and can be designed 
to function at any voltage. “The bulbs are coated with 
clear lacquer inside and out to safeguard against shat- 


tering the glass. Aluminum is used because it pro- 


‘duces a continuous spectrum of intense white lght 


with a color temperature of approximately 3800° K, 
favorable to most all film emulsions. Special blue 
lacquer may be used on the bulb to raise the color 


temperature to approximately 6000° K. 
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While specific emulsions vary considerably, these curves show 


the typical range of sensitivity of the three common types of films, 


and for an infrared film, to various wavelengths. 
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Photoflash lamps have a burning life of only a few 
hundredths of a second, and to study their flash char- 
acteristics an entirely new precise technic of photo- 
metric measurements had to be devised. Photoflash 
lamp design is predicated on the service, type of 
camera, and the necessary synchronism of flash and 


shutter opening. Photoflash lamps are rated in lumen- 


seconds, which is a measure of their photographic 
effectiveness. This effectiveness is the product of 


luminous intensity (lumens) and time. 


Light Control and Utilization 

The introduction of the midget size has increased 
the general use of photoflash because of its convenient 
small size and the resultant efficient light control using 
small reflectors. 
lamps are used for more general shots where a greater 
volume of light is necessary for wide area coverage 
and where a broad distribution suffices. 

Blue-bulb photoflash lamps corresponding to the 
No. 5, No. 22 and No. 50 filter out the red and yellow 
rays and reduce the light output to about one-third 
of normal; this color correction, however, is desirable 
when used for color pictures or to supplement natural 
daylight. 
to filter out all visible ight for picture taking by in- 
frared radiation only, using special infrared film. 


Similarly, deep red-purple bulbs are used 


Lumen—Time Characteristics 
The burning of metallic foil or wire will produce 


lumens of light in proportion to its total mass; the 


rapidity or time of burning will be dependent on the 
thickness in the same way that wood shavings burn 
faster than logs. Thus by choice of amount and thick- 
ness of the material within the bulb, the light outputs 
and time characteristics of photoflash lamps can be 
regulated as desired. 


The larger screw-base photoflash — 
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The light—time characteristic. curves of General 
Electric photoflash lamps are given here to. show the. 


diversity of applications. 


SM SPEED MIDGET 


_ B-11 Bulb, S. C. Bayonet Base. 


Total light: 4,500 lumen seconds. 


Approx. peak lumens 820,000. 


Duration at 14 peak: 5 milliseconds (1/200 second). 


No. 5 SYNCHRO-PRESS 

B-11 Bulb, S. C. Bayonet Base. 

Total light: 16,000 lumen seconds. 

Approx. peak lumens 1,100,000. : 
Duration at 14 peak: 13 milliseconds (approx. 1/75 second). 
No. 5B (Blue Filter) SYNCHRO-PRESS 

B-11 Bulb, S. C. Bayonet Base. 

Total light: 7000 lumen seconds. 

Approx. peak lumens 480,000. 


Duration at 14 peak: 13 milliseconds (approx. 1/75 second). 


No. 6 FOCAL PLANE 

B-11 Bulb, S. C. Bayonet Base. 

Total light: 15,000 lumen seconds. 

Approx. peak lumens 620,000. 

Duration at 14 peak: 30 milliseconds (approx. 1/30 second). 


No. 11 SYNCHRO-PRESS 

A-15 Bulb, Medium Screw Base. 

Total light: 28,000 lumen seconds. 

Approx. peak lumens 2,200,000. 

Duration at 14 peak: 12 milliseconds (approx. 1/80 second). 


No. 22 SYNCHRO-PRESS 

A-19 Bulb, Medium Screw Base. 

Total light: 60,000 lumen seconds. 

Approx. peak lumens 3,800,000. : 

Duration at 14 peak: 14 milliseconds (approx. 1/70 second). 


No. 22B (Blue Filter) SYNCHRO-PRESS 


A-19 Bulb, Medium Screw Base. 
Total light: 26,000 lumen seconds. 


’ Approx. peak lumens 1,650,000. 


Duration at 14 peak: 14 milliseconds (1/70 second). 


No. 31 FOCAL PLANE 

A-21 Bulb, Medium Screw Base. 

Total light: 75,000 lumen seconds. 

Approx. peak lumens 1,400,000. 

Duration at 14 peak: 53 milliseconds (approx. 1/20 second). 
No. 50 PHOTOFLASH 

A-21 Bulb, Medium Screw Base. 

Total light: 93,000 lumen seconds. 

Approx. peak lumens 4,800,000. 

Duration at 14 peak: 17 milliseconds (approx. 1/60 second). 
No. 50B (Blue Filter) 

Same as No. 50, except the light output—40, 000 lumen seconds; 
2,000,000 peak. 





- Photoflood Lamps are merely high efficiency sources 
of the same character as other photolamps, the color 


temperature ranging from 3380° to 3450° K. ‘These 
lamps, because of their high filament temperature, 
produce, in general, about twice the lumens—three 
times the photographic effectiveness—produced by 
similar wattages of general service lamps. Relatively 
small bulb sizes are employed (the 250-watt No. 1 
photoflood is in the same size bulb as formerly used 
for the 60-watt general service lamp) so that these 
lamps may be conveniently used in less bulky reflect- 


ing equipments or for certain effects in ordinary resi- 


dential or commercial fixtures. Three wattage sizes 
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40 50 60 
TIME-MILLISECONDS 


are available: No. 1—250 watts, life 3 hours; No. 2— 
500 watts, life 6 hours (in either A-25 or R-40 bulb); 
No. 4—1000 watts, life 10 hours. ‘These ratings apply 
when operated at a socket voltage of 115 volts. 


Photo-enlarger Service. Most equipment for enlarg- 
ing requires a highly diffused light source. For this 
service, a line of photo-enlarger lamps in white glass 
bulbs is available in five wattage sizes from 75 to 500 
watts. [wo of. these are high efficiency, short life 
lamps of the photoflood type; the others are rated at 
25 and 100 hours hfe—the 25-hour lamp is a 75-watt 
source in an S-11 bulb. 
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INFRARED INDUSTRIAL HEATING AND DRYING LAMPS 


required, and in most instances drying time is reduced 


The lamps, shown above are especially designed 
for radiant energy heating applications, although they 
are no different in principle from any other filament 
lamp. It will be noted from Table 2, page 12, that 
from 65 to 95 per cent of the watts input to a lamp 
is radiated as light and heat, all but 6 to 12 per cent 
representing the infrared invisible radiant heat which 
accompanies the visible light. All this energy, visible 
light and infrared radiation, creates sensible heat 
when absorbed by the object it strikes. Such radiant 
energy of the wavelengths generated passing through 
air does not heat the air; wavelengths longer than 
50,000 angstroms are absorbed by the glass bulb; open 
type radiant heaters, such as bathroom radiators are 
relatively low temperature, generating principally the 
longer wavelengths which are largely absorbed by 
the surrounding air. That is why a lamp with a fila- 
ment temperature of approximately 4000° F is such 
an efficient generator of radiant heat that can be effec- 
tively and efficiently controlled. ae 

Special considerations in the design of lamps for 
drying and heating service were to incorporate long 
life at a sacrifice of light output, and in the high watt- 
age lamps, specialized filament forms to obtain better 
control for high concentration of energy on the work. 
Vacuum lamps emit, as radiant energy, a greater pro- 
portion of the filament heat than do gas-filled lamps, 
yet because of lack of pressure on the filament the 
bulbs blacken more quickly, which in turn reduces 
radiation efficiency and interferes with proper con- 
trol. Carbon filaments are rugged and are efficient 
generators of infrared radiation, but like the old car- 
bon lamps, also depreciate quite rapidly due to bulb 
blackening. The theoretical design life of infrared 
lamps is many thousands of hours in terms of normal 
filament evaporation and failure from this cause is 
unusual; life experienced in service is very long (rated 
around 5000 hours) and failure is more determined 
by handling and conditions of installation. G-E infra- 
red lamps are of the tungsten filament, gas-filled type. 

An outstanding advantage of infrared heating is 
its speed, the radiation being immediately absorbed 
and converted into heat at the areas where it is 
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to.a few minutes. High product temperatures are 
quickly obtainable. Simplicity and flexibility adapt 
it to conveyor production lines; ovens and lamp banks 
are easily assembled from lamp socket and reflector sec- 
tions made by the infrared equipment manufacturers. 
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Drying lamps operate at a color temperature of 2500°K at the low 
efficiency of light production of 6 lumens per watt. Color tempera- 
ture is unimportant as a measure of radiation effectiveness for heating 
and drying as there is but a slight difference in sources within the 
range of 1200° to 3000°K for equal concentrations of energy. 
Heat lamps are a modification of drying lamps and are operated 
at 2000°K in order to reduce light output to approximately 1 lumen 
per watt. The accompanying graphs show the energy distribution 
of a 250-watt drying lamp. Electrolytic gold, silver, Alzak alumi- 
num and copper are all good reflectors of infrared radiation. 
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The reflector type lamp has gained the most popularity and accounts 
for about 95 per cent of the demand for General Electric drying 
lamps. This lamp incorporates the advantages of sealed reflecting 
surfaces common to such lamps for other purposes; because of its 
compactness, efficiency, and control, when mounted close together 
in flat banks, these lamps will provide up to about 6 watts of radiant 
energy per square inch of work surface. 











producing light more efficiently. 


The most important function of lamps is to 
generate light, and the 70-year development history 
of electric lamps has been largely concentrated on 
‘The remarkable 

rogress within the last decade has produced more 
efficient light sources, but has, largely as a by-product 
of lamp research, produced radiation sources which 
tremendously broaden the service of lamps and extend 
the use of the properties of the spectrum to new and 
extraordinary possibilities for the benefit of mankind. 

In the past the use of spectral data on lamps did 
not extend much beyond the scientific laboratory in 
the analysis of color problems, both with respect to 


the light from lamps, and in the study of colors of 


materials, that is, the reflection and transmission 
characteristics. Such studies were largely quantitative 
measurements of effects which were apparent to the 
eye but which required precision measurements as a 
basis for specification. ‘Today in dealing with the 
broader applications of lamps for germicidal, sun- 
lamp or radiant heating applications, there is a total 


lack of any effect that the eye can see and the only 


description of the efficiency and effectiveness of such 
sources lies in the knowledge and interpretation 
of spectral data. ‘This suggests that all who have 
to do with the manufacture, sale and installation of 
these devices must become familiar with data of this 
character. 


The spectrum chart on the following pages pre- 
sents a brief pictorial review of the essential aspects 
of lamps and their radiation properties. The table 
on page 40 presents an analysis of the properties and 
performance of a number of specific types and sizes 
of lamps. : 


The accompanying curves indicate the spectral transmission char- 
acteristics of the different glasses used in mercury lamps listed on 
page 40 and of several black light filters. Curves for the former 
are based on thicknesses of 1 millimeter; the black light filter 
transmission curves are given for 5 millimeters, the thickness to which 
such glasses are commonly polished. All the curves were obtained 
on typical samples and variations due to thickness, glass temperature 
and other factors can be expected. The ultraviolet transmission is 
reduced as the thickness is increased. 

While the curves cover only a few of the many types of 
glasses, they indicate the range of cut-off wavelengths and trans- 
mission factors available to the lamp designer. However, other 
considerations such as the ease of 
sealing and quantity production 
requirements also influence the 
choice of glass to be used in a 90 


<—Erythemal Region 


: Zz 
particular lamp. Some glasses 0 
have a tendency to devitrify and raft sa 
fall off in transmission of ultra- > 70 
violet with age, others differ con- ”) 
siderably in transmission when hot; = Re 
and these factors influence the = 50 
choice of glass for lamp bulbs. 2 

Though not shown on _ the a 8 
diagram, the 5872 and 5874 filter O 30 
glasses pass some red light which cr 
combines with the violet radiation Gee 
shown to produce the familiar 10 
purple cast seen in many black 
light units. 2000 2200 2400 #2600 
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LAMPS and 
the SPECTRUM 


The Visible Spectrum 


Seeing results when radiant energy within the limits of the visible 
spectrum enters the eye. In other words, the eye is a receiving instru- 
ment tuned to wavelengths between 3800 and 7600 Angstroms, just . 
as a radio receiver may be tuned to different wavelength bands. The 
color sensation that light produces depends on the distribution of energy 
throughout the spectrum. The eye response to energy is shown by 
the eye sensitivity curve which peaks in the yellow-green region at 5550 
Angstroms. The lumen output of a lamp is determined by the relative 
effectiveness of the energy as determined by the eye response curve. 


Ultraviolet Radiation 


The most popular manifestation of ultraviolet radiation is the skin 
tanning effects of the sun. The scientific implications of ultraviolet, 
however, are much more significant and profound. The effectiveness 
of radiation within the ultraviolet region is represented by the three 
response curves (1) germicidal shortwave UV—this curve peaks at 
about 2600A; (2) the erythemal (sun-tanning effect) curve which 
peaks at 2967A and (3) the fluorescent or black light response of 
fluorescent paints and lacquers, many of which have maximum response 
in the 3650A region. All three of these curves overlap to some extent. 
The most efficient source for each of these uses would be the one which 
concentrates the greatest amount of radiation at the point of greatest 
response, in per cent of the total wattage input. Low-wattage germi- 
cidal lamps are practical because their radiation is concentrated at 
2537A which is near the point of maximum effectiveness. Use is 
made of special phosphors to produce longer wavelengths of ultraviolet, 
of erythemal and black light radiation—represented by the new “E 
Phosphor’’ sunlamps which have their maximum energy emission at 
3250A and by the 360BL lamps which have their peak response at 
3600A in the black light region. 


Infrared Radiation 


From 75 to 85 per cent of the wattage input to a filament lamp is 
dissipated as heat through infrared radiation. ‘The greater portion 
of this energy is emitted from the limit of the visible spectrum at 
7600A out to 50,000A. Wavelengths longer than 50,000A are absorbed 
by the glass bulb. The heat thus absorbed by the bulb is either carried 
away by conduction or convection or is reradiated at wavelengths 
corresponding to those for a radiating body at the temperature of 
hot glass. The use of lamps to supply radiant energy for heat therapy 
and industrial drying applications has grown tremendously in the 
last few years. Any ordinary incandescent lamp is a most efficient 
generator of infrared radiation and can be used as such. Special 
lamps for heat and drying applications are ordinary lamps merely 
designed for low efficiency in light output and long life. 


Visible Radiation»---. 
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| 1. The Electromagnetic Spectrum 
} ! This chart shows (pictorially rather than to scale) the continuity 



































































4 of the complete electromagnetic spectrum. The velocity or speed of 000! 0] 100 2000 4000 7000 50,000 (000,000 1, 100. Centimeters’ 1 10 Meters «200 to. 545 Meters - Wavelength 3100: Miles 
a i i i" a EO 757 ee meno cms TTI OOOO IIS Bs ~ : ' : 
I radiation throughout the spectrum is that of light, or about 186,000 : 2 . : 
" miles per second. The nature of all radiation is the zame and the i GOK Me | ELECTRIC i 
' difference lies only in the frequency and wavelength—that is, Frequency R AYS , R AYS | R A DI ‘e) WAV E S | W. AV ES 

\ xX Wavelength = Velocity. The range in wavelengths indicated on the : ie : 3 | Be ale 

f chart is from 0.0000000000003937 of an inch for cosmic rays to a : j aly Fighk cl eae ace eKe dS APNE 
, 3 length of 3100 miles for 60-cycle electric current. The visible Sa a Reaching earth from sky Emtec by Radium a mle BE ab | Produced by heat Produced by high-frequency generators electric generators 

or light is but a minute portion of the complete radiation spectrum. 7 ; ae : | 7 EE EES 


2. The Radiation Domain of Electric Lamps | PRODUCED BY | 


L Lamps are simply sources of radiant energy. They generate and | ELECTRIC LAMPS | 


emit energy over a certain range of wavelength or frequency. Other ee s eae 
devices, such as radio transmitter tubes, and X-ray tubes, generate —————e I 
radiation of other wavelengths or frequencies. This chart shows the : v 

YY 2000 2500 3000 3500 4000 4500 i 5000 5500 6000 6500 7000 75007 10,000 20,000 30,000 40,000 50,000 


















4 domain of lamps expanded within the range of 1800 to 50,000 Angstroms 100 ; 

(an Angstrom equals roughly 4 billionths of an inch). Most lamps : SUN'S RADIATION 
i generate some energy in all three of the regions shown, though in 90 
| greatly varying amounts depending on the type of lamp and its design. 0 80 

iy A curve of the sun’s radiation is superimposed. on the chart to show ~ 70 

b | the general limits of wavelengths which reach the earth from the sun. Zz 

E The distribution of energy reaching the earth is approximately 5 per inj 60 

| cent in the ultraviolet region, 40 per cent in the visible and 55 per cent Lu 50 
1k in infrared radiation; these figures vary with the season, atmospheric = 40 

i | conditions and latitude. £55 

i | = 4g a —! 

| 3. Spectral Energy Distribution of Lamps LW 50 

| : Spectral energy measurements are made on a spectrophotometer. 10 

| : Relative energy at each wavelength can be determined and a curve 0 





plotted for each type of lamp. A smooth curve such as given for a 
| filament lamp, indicates radiation at all wavelengths. Electric dis- 
a | charge lamps such as mercury and sodium radiate principally at a few 
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i i specific points represented by the vertical arrows on the chart; other 100 
7 | minor lines also are generally present. The intensity or amount of NQ 
| energy of the various lines will vary with the design of the lamp par- 90 
| ticularly with respect to the vapor pressure at which the lamp is 
fii operated. The extremely low vapor pressure (1/100,000 of an atmos- 80 
F phere) in fluorescent and germicidal lamps tends to concentrate the Daylight Fluorescent 
hi mercury radiation at the single 2537A line; in the Type H-6 lamp 6 7 
am | operated at 110 times atmospheric pressure, the distribution of energy oe 
7 | shifts to longer wavelengths and the lines tend to widen into bands = 60 
i | which become quite continuous. uw 
| Filament lamps produce relatively little ultraviolet, and as indicated lL 50 
P| by the curves, most of the energy is in the longer wavelengths of = 
cal visible and infrared. The higher the filament temperature, the more x 40 
7 | efficiently light is produced, and the light becomes whiter as more oJ 
| radiation is shifted to the shorter visible wavelengths. Conversely, as a 30 = 5 
\ | the temperature is decreased, less light is produced and the radiation = © 
i | peak is at longer wavelengths in infrared, as indicated in the case 20 n > 
a | of the 375°K and 700°K radiators shown. 
a | Fluorescent phosphors transform 2537A radiation into longer wave- 10 MERCURY LINES 
iil lengths both in the ee and visible te aus an a “a =~ 
i | choice and blending of phosphors, continuous radiation through these 0 = ee ss rE Sse 
i | regions can be produced. Germicidal, sunlamp and “black light” 2000 2500 3000 3500 4000 a 4500 5000 5500 6000 6500 7000 7500 10,000 20,000 30,000 50,000 
i | lamps require special ultraviolet transmitting bulbs. The curve shown These curves are all plotted to peak at 100 on a relative scale; a | they offer no quantitative comparison with respect to the enerqy output of the sources, 
a | for the daylight fluorescent lamp is that from the phosphor alone; 
a | the four mercury lines within the visible spectrum add to this phosphor 100 
| curve to give the final spectral output. 56 
a | 4, Effects of Radiation from Lamps oe 
a The curves in this section represent the effect or response to the a 
a | radiant energy of lamps. These describe a few of the fundamental 5 70 
a | effects and represent average conditions. For example, the eye sensi- ra 
a | tivity curve represents the average of a great many eyes tested, and ma 60 
| individual eyes differ in their sensitivity. The same is true of film Ss 
emulsions or the photo-electric cells. The eye sensitivity curve has a 
| ) been standardized and becomes the basis for measuring the light = 40 
a | output of lamps. The lumen output of a source can be computed by < 
| multiplying the radiant energy at each wavelength by the eye sensitivity 7 30 
| at that wavelength. Similarly the photographic effectiveness of a light % 50 
source can be computed by multiplying the energy by the film sensitivity 3 
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for various wavelengths. 

| In general, the effect of radiation is directly proportional to its 
a | ; absorption. Germicidal lamps become effective by virtue of radiation 
| absorbed by the bacteria. The curve of germicidal effectiveness shown 
is commonly used, though the curves for many other biological effects 
| take widely different shapes. The erythemal curve shows the reddening 
lt effect of radiation on untanned skin, and this is also roughly a. curve 
a for production of Vitamin D. Skin tanning is also related, though 
| the longer wavelengths under the curve seem to be most effective, 
while the shorter wavelengths create more severe burning with rela- , AS : | 2 
‘ tively less tanning. The curve of excitation of “black light” materials i... ge 
iW is only typical, as each chemical will have its own variant of this. : 3 eS, ee : . , 
| The several curves of transmission of infrared radiation represent 
only a few interesting aspects of the use and control of these longer 
wavelengths. —— ae 
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OLET ENERGY VISIBLE SPECTRUM - LIGHT (CONDENSED SCALE) 


ol CERMICIDAL_ EFFECTS I sUN TAN 1 > SLACK LIGHT MOLE T= BLU! INFRARED -fear— 
b os x ad a ‘ ES ee ee 3 — pee a : aS The input lamp wattage not represented by 
0 Sai : s oo fei : the values for ultraviolet and visible energy, 
rte uus> : is manifested as heat which is either radiated, 
MT 60 aaa ae ER BLS sL conducted or convected from the lamp bulb, 
u “, : T ING>:0 . A The infrared energy radiated from the source 
w iu : extends from 7600 Angstroms to 50,000 
= 40 a ¢ Angstroms—longer wavelengths are obsorbed 
é by the glass and heat the bulb. 
=) uw) 
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sunlamps and the A-H6 mercury lamp (in quartz water jacket), the “Erythema 
Flux’’ column could have been called E-Vitons; for those sources the erythemal 
flux below and above 2800 Angstroms is given in the table below: 


SPECTRAL ENERGY MEASUREMENTS 


Radiation energy is measured in watts, milliwatts (one thousandth) or 
microwatts (one millionth). Oftentimes the intensity of radiant energy in 


any given direction is expressed as milliwatts or microwatts falling on a Erythemal Flux 


Below 2800A 


square inch or square centimeter at a given distance from the source. Such Ab 2800A  (Equival 
measurements correspond to ‘‘candlepower’’ measurements of light—that is, L Vi 8 (aura ent 
the intensity in any given direction. amp (E-Vitons) -Vitons) 
joo ponies ; aoe seaizee 
sata rt -watt Germicida ,400 8, 
Radiation for Light 30-watt Germicidal . ... 3,500 396,500 
The Lumen—For visible radiation or light, the energy is measured quantita- A-H6 Mercury—Quartz Jacket 2,255,000 950,000 
tively in lumens, which is the integrated result of all radiation to which the S-1 Sunlamps .... . 67,720 280 
eye responds. The relative amount of energy throughout the range required to S-4Sunlamps . .... 49,925 75 
produce a lumen is determined by the eye sensitivity curve shown; equal RS@Sunlamps Cae fa ey 25,000 180 


Just as the shorter wavelengths in visible light produce blue light, the 
longer ones red, the shorter wavelengths under the erythemal curve seem 
to create quick, temporary reddening or burning of the skin, while the longer 
wavelengths seem to penetrate deeper to cause a tanning of the skin without 
burn, ess excessive exposure is made. The use of sun-tan lotions to prevent 
sunburn is effective because these create a film which absorbs the shorter, 


energy throughout will produce white light. Colors and tints are the result 
of different proportions of energy within the visible range. The light output of 
most lamps is rated in lumens. 


Ultraviolet Energy Measurements 





Sunburn, Suntan Radiation, The E-Viton—Being familiar with the energy 
to produce ‘“‘lumens’’ the same process of thinking can be applied to under- 
standing measurements of ultraviolet energy and its relative effects. For 
example, in sunlamp radiation the skin instead of the eye is the receiver and 
its response within its range is shown by the erythemal curve, which indicates 
how. effective different wavelengths are in producing temporary reddening of 
untanned skin. For rating purposes these values have been standardized for 
the range between 2400 and 3600 Angstroms. The “erythemal flux’’ column 
in the above table summarizes the effectiveness of the sources listed; corre- 
sponding to the lumen in concept, the unit used is that quantity of radiant 
energy which produces as much temporary reddening as 10 microwatts of energy 
at 2967 Angstroms—the wavelength of maximum effectiveness. :: 

The effects of ultraviolet radiation on other biological functions can also 
be portrayed by response curves, though they differ from the erythemal 
curve. However, the production of Vitamin D and the antirachitic effective- 
ness of wavelengths down to 2800A is known to coincide closely with the 
erythemal effectiveness. The unit “E-Viton’’ has been employed to express 
the health and erythema value of radiations above 2800A, which are present 
in natural sunlight. Antirachitic benefits of shorter wavelengths have also 
been demonstrated in laboratory experiments. Except for germicidal lamps, 
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burning rays and allow the longer tanning rays to penetrate to the skin, thus 
causing the skin to tan without burn. 


Germicidal Radiation—The most effective radiation as far as lethal effect 
on airborne bacteria is around 2600A and the relative potency of shortwave 
ultraviolet in this vicinity is indicated by the germicidal curve. Germicidal 
lamps radiate most of their energy at 2537A and comparative efficiencies of 
such sources are stated in terms of equivalent milliwatts of 2600A. 


Black Light Radiation—The term black light has, by popular usage, come 
to mean the radiant energy between 3200A and 4000A, and the term fluoren 
has been proposed to represent 1 milliwatt of energy emitted within this 
region. The effectiveness of a fluoren in creating fluorescent effects will 
depend on the product of the incident energy (fluorens) and the response 
characteristics of the fluorescent material integrated over all the wavelengths 
in the above range. The fluoren column above shows the relative. fluoren 
content of energy for the various lamps; however, these values are likely to 
be misleading since most applications require the use of dark glass filters 
to absorb the visible light, and which at the same time absorbs considerable 
of the black light radiation. The B-H4 lamp incorporates a red-purple bulb 
which absorbs the lumens 








The long familiarity with the simple operation 
of the filament lamp makes the theory of light produc- 
tion by sheer electronic activity seem highly scientific. 
Without delving into the more theoretical aspects of 
electric discharge or “gaseous conduction”’ sources, it 
will suffice to say that almost any of the elements, if 


‘introduced in a gaseous state in a lamp would produce 


light of some characteristic color, if proper voltage 
were applied to the lamp electrodes and if certain 
other conditions were observed. But, just as some 
materials would not make very satisfactory lamp fila- 
ments, some of the gases or vapors would not make 
practical sources of light. 


Mercury, sodium, and neon are the elements most 
widely used for the production of light by gaseous 
conduction methods. ‘The temperature, pressure, volt- 
age, and other considerations necessary to produce 
light by this method makes these three elements most 
economically and practically feasible. Different metals 
may be used for electrodes, often with a coating of 
high electron-emissive barium or strontium oxide. 
Hot electrodes gives off their electrons much more 
easily than do cold ones, and lamps using electrodes 
which can be preheated with a filament or in some 
other manner can start and operate on a lower volt- 
age than can cold-electrode lamps. Neon sign tubing 
is a typical cold-electrode lamp and usually requires 


several thousand volts on starting, depending on the 


length of tubing; Type H mercury lamps do not em- 
ploy preheated electrodes but because of their rela- 
tively short arc length, starting voltages are reasonably 
low. The fluorescent lamp is a hot-cathode lamp 
and starts on a relatively low voltage. Once started, 
vapor discharge lamps will operate at a lower voltage, 


the heating effect of the arc keeping the electrodes hot. 


Light is produced by gaseous conduction methods 
when proper energy transitions result from electron 
displacement within the atomic structure of the gas 
involved. Applied voltage at the electrodes gives 
acceleration to free electrons which, in the course 
of their travel strike atoms and displace electrons 
from their normal atomic positions. Radiations of 


a particular wavelength result as the displaced elec- 


trons return to their normal position in the atomic 
structure; this wavelength depends on the gas used 
and the degree of electron displacement. 


Once the discharge begins, the enclosed arc be- 
comes a light source with one electrode acting as a 
cathode and the other as an anode. The electrodes 
will exchange functions as the alternating current 
supply changes polarity. 

As mentioned early in this publication, if it were 
possible, by some process unknown today, to convert 
electrical energy perfectly into radiation of the yellow- 
green color to which human eyes are most sensitive, 
the result would be a source boasting an efficiency of 
some 620 lumens per watt; about 200. lumens per watt 
is the theoretical maximum for white light. To date, 
filament lamps for specialized application are operated 
at a maximum of 35.8 lumens per watt. Vapor dis- 
charge sources, on the other hand, offer somewhat 
higher efficiencies with a variety of spectral qualities. 


GENERAL ELECTRIC 
MERCURY (Type H 
LAMPS 


Sodium-vapor lamps, for example, produce a yellow 
light and give an efficiency of from about 45 to 55 
lumens per watt. Experimental laboratory-lamps 
utilizing high wattage and high pressure have given 
efficiencies exceeding 100 lumens per watt, so there 
is every reason to believe that vapor lamps have not 
reached their maximum efficiencies. 


The mercury vapor pressure at which a lamp oper- 
ates accounts in a large measure for the difference 
in spectral distribution of energy between the several 
types. In general, higher operating pressure tends to 
shift a larger proportion of the emitted radiation to 
longer wavelengths and at extremely high pressures 
there is the tendency to broaden the line spectra into 
wider bands. Within the visible region the mercury 
spectrum, or energy radiated, consists of four princi- 
pal wavelengths which result in a greenish-blue light 
at efficiencies of 30 to 65 lumens per watt as shown 


‘in the tabular data on the following page. While the 


light source itself appears to be a bluish-white, there 
is an absence of red radiation, and most colored objects 
appear distorted in color value. Blue, green and yel- 
low colors in objects are emphasized while orange and 
red appear brownish or black. For this reason, 
mercury lamps are often combined with filament 
lamps in installations where good color appearance 
is important. Sodium vapor lamps produce only yel- 
low light and similarly distort the appearance of all 
other colors; the color, however, is nearly monochro- 
matic and near the point of maximum theoretical 
efficiency, although practical lamps today operate at 
about 50 lumens per watt. 


Because electric arcs have an inherent ‘negative 
resistance characteristic, suitable current ballast as 
well as starting equipment must be employed with 
electric discharge lamps. ‘Transformers designed for 
Type H lamps will furnish proper lamp voltage 
and the inductance of the windings will supply ade- 
quate current ballasting. This current-limiting equip- 
ment (generally referred to as the auxiliary) is a 
necessary part in the operation of every lamp and 
introduces some wattage loss and lower power factor . 
than represented by the lamps alone. Power factor 


correction by static capacitors is effective, and may 


4] 


be applied separately on the circuit or may be incor- 
porated in the auxiliary itself. Because ballast units 
are designed to provide balanced characteristics for — 
only one lamp, it is necessary that each vapor-dis- 
charge lamp have its individual auxiliary equipment. 
However, ballast units for two or more lamps can 
be mounted in a single outer case. 
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4 400 watts 100 watts 100 watts 275 watts 100 watts 100 watts (Spotlight) 00 watts (Floodlight) 250 watts 400 watts 100 watts 250 watts (6a0 wae | eae 
| MERCURY EAME.TYFES ee SUNLIGHT “["" LAMPS “BLACK LIGHT” LAMPS GENERAL LIGHTING LAMPS : 
i The grouping of lamps shown above illustrates the correlation of Designation ; a C-H4 (Spot) A-H1 | ee 
if lamp design with the spectral requirements of particular applications. S-1 S=4 = RS-4 RS B-H4 E-H4 (Flood) A-H5 B-H1 A-H4 C-H5 A-H6* A-H9 i fi 
val In each case the mercury element and outer bulb are selected to L RN Sere | a Tr | ee |e an ee TOL eee ay : | 
a 3 amp Watts (Rated oe eee A400 . 100 Mie 
an give the radiation characteristics known to produce the desired ee ( ) =e ie a7 pee 100 250 400 100 250 1000 3000 | 
aa yee Watts, with Single-lamp Transformer . 500 123 am 123 123 193 290 459 | 
al effects—erythema (skin reddening), excitation of fluorescent materials Wikwih Tino taeme Oo ba rrr 120 290 1095 3220 | 
i bs bain creduchon: of light / PP HEANSIORMCL 0. ee el le Be sie sie le 2 een ee are =e fel aan ioe i rrr See a oa teres -286/lamp | 440/lamp | _....... | 286/lamp] ......._ ke Se tes ie 
a Lumetis:at 100 Hours. oo.) PS tiene 3000 | Reflector- | Reflector- | ........ Not 10,000 | 16,000 3000 10000 3b. ee 120,000 
7 Sunlamps Lumens (Approx. Initial) F200f oe Pm type Lamps | type Lamps Black Rated. ee aoa oie ON sortie Shopng Mine creas an tl cg aay 02 65°000-4 ies a ene ss 
i | Famp L. Rs Wat 100 Flours ©. es oe ft te 30 Not Rated | Not Rated Light in 40 40 30 AQ’ s|snccuee ys 40 
, The S-1 was the earliest form of type S sunlamps and generously lnitialsla Re Wes 8 Page etme at ie ih Niaied Wee Gece 6 Tm = =6in Lumens | in Lumens Bulb Urner sclera ae (cialis el Laeato re Mr oe e 
if provided light, radiant heat and suntan ultraviolet radiation. It Over-all Lumen per Watt (Single-lamp Trans.) 14.4 24.4 Be eee Pe es pe oy 34.5 35.4 24.4 34.5 59.4 39:3 i |: 
ql incorporates a filament across the mercury arc electrodes. The S-4 Rated Life, Hours (See Note) . 400 Approx. LB 400 Pooliclctisns ee fan eee ee eae ua poA DA eae Loaner ge Ue Seas | 
af and the reflector type RS-4 employ the small arc tube similar in Bulge cons PS.29 A-21 ; R | 
val | | , simi Peas ng "i -40 R-40 T-16 PAR-38 T-14 T-16 T-10 T-14 T-2 T-9%4 
q design to that used in Type A-H4—the difference being in the fue I. F. Re- |. F. Re- Natural | Alum. Reflector : 
E alt shape anacin the ultraviolet transmitting glass used for the bulbs. Finish LF. Clear fm flector Type | flector Type} Red Purple | and Clear Lens Clear Clear Clear Clear Clear Cle 
i l ar 
ty The RS incorporates in addition, a filament ballast and a bimetallic Bacco Mogul Admed. Rained Mediun Madinca Adimed: Sle Meal Mecul Adncd 30 
al starting switch within the reflector bulb, so that-no auxiliary ballast Burning Position Base Up Any a Any Any An an Ee U ae S ae ma Mogul | ae oieeve 8. C. Term 
4 is required. The filament ballast of the RS, of course, provides ibe Aiea eigek 62 51 BEDE mee | Ave le eesnyes 2 ool Uprigti sees ater enna ty Pynve | abloras Any 
| additional light and heat. The glass bulbs used for sunlamps transmit men G ane ok I he = 5 ve a 6% 6% 572 576 8 13 5% 8 34 547% 
| practically no radiation shorter than 2800A. ae : we i eaNeNes a = eee Cy tee Ce ee 5 134 345 5 Ra an) Rote ce calm 
eve, Aton oo I | ee ae oe oe Pa | oa 
a ‘Black Light Lamps = a : gee ee eee ee a ee ae 2 
ie Most mercury lamps generate considerable ultraviolet radiation L O env 4 136 110-125 
1 in the region between 3300 and 4000 Angstroms—the principal amp fo perating: Vols Es 130. (5060 13? 130 et 3] 130 ue BA0 339 
Ty line being 3650A, which is high in effectiveness for the usual L Sitine C a ~ Cycles AC) 
1 fluorescent materials. So-called black light lamps differ in that a rae mead ooo pee a 09 = he 3.2 1.3 1.3 2.9 3 1.3 2.9 2.5 9.3 
it type of glass is used for the bulbs which transmits this black light” amp Operating Current, “\mps. 30 ae 2.5 pina eee 0.9 2.1 Pee oe Wee Oe Sei ee 1.4 6.1 
5 radiation. For most black light applications the absence of visible Supply Voltage (Primary Volts) 7 eee aa 1415 1:1:5,;230 —s | WO SO el eval: 11:5.-230 115,°230 11:5, 230) 115, 230: |-115,; 230°) 1157230 44.157°930. 1.230; 460,575 : 
y light is essential, and this visible light may be absorbed by use Transformer Secondary Open Circuit Voltage 33 245 =. 245 No Trans 245 945 950 290 945 2950 4200 850 
| of a red-purple filter either as an outer bulb as in the case of the Power Factor, Per Cent 50 50, 90 ey 50, 90 90 50.90 50.90 50.90.95|60.90.95| 50.90 150.90. 95 90 
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| eneral Lighting lypes + Nominal’ voltage— 6 i AGS = . pee 
pa : ominal voltage—lamp design is centered for the range of stanaar | B-H6 is air-cooled and rated at 900 watts. Characteristi imilar to A- istri 
EI | The sea H-1 lamp is by oar Lie Wome ee of a voltage circuits. = Offices of the Apparatus Department, G rs res eris Se aie jee H6. Sales on both are handled through District Sales 
te , mercury lamps, because of its general use in factory lighting an pl : ; | 
| for occasional exterior floodlighting and street lighting. The 3000- Rated Life. In the case of A-H1, B-H1, A-H4, B-H4, C-H4, E-H4, =z A-H6 life rating is based on tests employing 25-minute burning ne CE crear Hea age bs 3 | 
4 watt A-H9 meets the demand for a high wattage lamp for high-bay A-H5, C-H5 and A-H9 lamps, the rated life is based on specified test ~ Beuods and the life may not be more than one-third as much on burning. Both types must be operated within 10° of vertical. a 
| industrial lighting. The A-H4 and C-H5 fill the need for lower conditions with the lamps turned off and restarted no oftener than once every eae | ee ot burning periods such as 3 to 5 minutes. An approved The D-H1 lamp has an inner quartz bulb and may be operated 
Pah wattage mercury ‘lamps for vatious ‘uses. ‘The 1000-watt ae ae 5 burning hours. The life rating of the C-H5 is 3000 hours and of the A-H1 a ater cooling jacket must be used with the A-H6 lamps. _ horizontally. 3 
q ae se ie poner ae. is 5000 hours when burned 10 hours per start. The life of S-4, RS-4, and aul urning Position. While the S-1 lamp can be operated in Power Fact The high F is obtained with 
been employed for searchlights, television studio lighting and similar RS sunlamps cannot be adequately expressed in hours for ordinary household 3 any position from base up to horizontal, the Sale i ined ae Ee e nigher ROWS teeter is 2 mane lhe trans- snes 
| specialized applications where water or air cooling is practicable. service because comparatively short burning periods are employed. The output is obtained when vertically base up. The life of the A-H5 have an avers eek eta, of 95 Ser cont Rog Sct erence oe 
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The Type H-1 


The 400-watt Type H-1 mercury-vapor lamp con- 
sists, essentially, of two main electrodes located at 
opposite ends of the 74-inch glass tube in which the 
mercury that maintains the arc is vaporized. These 
electrodes are of tungsten wire, coiled and covered 
with barium-strontium oxide which makes it possible 
_ for them to function satisfactorily at a correct tem- 
perature and for a long useful life. 


The arc tube contains a small amount of pure 
argon gas which is used as a conducting medium to 
facilitate the starting of the arc before the mercury 
is vaporized. Near the upper end of the tube is a 
starting electrode which is electrically connected to 
the lower electrode, and hence when current 1s ap- 
plied, an electric field is set up between the starting 
electrode and the upper main electrode, causing an 
emission of electrons from the active surface of the 
main electrode. This imparts energy to the gas in 
the arc tube so that it becomes conducting. 


The quantity of mercury in the arc tube is very 
carefully measured so as to maintain quite an exact 
vapor pressure, which incidentally, is about normal 
atmospheric pressure. 


The 400-watt arc tube is enclosed in a larger tubu- 
lar bulb which makes the lamp less subject to the 
effect of surrounding temperature. About half an 
atmosphere of nitrogen is introduced in the space 
between the arc tube and the outer bulb. 


Because in most of its applications the lamp will 
be burned in a base-up position, the majority of these 
lamps are designed accordingly. They may be ob- 
tained, however, for base-down burning, the chief 
difference being that in a base-down burning lamp 
the arc tube is reversed so that the sealing tip is still 
at the top in order not to pocket any of the mercury, 
since this might interfere with its complete vaporiz- 
ing. If all the mercury does not vaporize, the pressure 
of the mercury vapor will be less than normal, result- 
ing in lower efficiency. The lamp must be operated 
in a vertical position in order to keep the arc stream 
in the center of the tube. If the lamp is deviated 
from vertical more than 10 degrees, the arc stream 
will bow until it touches the sides of the tube and its 
400 watts will quickly melt the glass and ruin the 
lamp. A special lamp, D-H1, with a quartz inner 
bulb and different electrode location is available for 
applications requiring horizontal burning or at an 
angle other than within 10 degrees of vertical. 


The starting characteristics of the H-1 lamp are 
shown graphically on page 46. When the current 
flows, the argon arc is seen for about two minutes as 
a bluish glow that fills the entire arc tube. After a 
few minutes the voltage rapidly increases until the 
lamp reaches a stable operating condition in about 
7 minutes, at which time all of the mercury is com- 
pletely vaporized. The lamp now operates at about 
137 volts, 3.2 amperes. At this stage the arc no longer 
fills the tube but is concentrated to a pencil-like arc 
stream of high intensity. At full brilliance the lamp 
produces approximately 16,000 lumens. 





The lamps have a very satisfactory performance 
as far as light output during life is concerned. At 
the end of rated life their hght output in percentage 
of the initial lumens is at least comparable with that 
produced by corresponding filament lamps. For the 
A-H]1 lamp: 

EEE Oe oe Mie) Pade ea ek aur ne eke ecru cane Pe eet inate 


Rated Average Life % of Initial L.P.W. 


Burning Hours 





per Start Hours at 70% Rated Life 
5 3000 87 
10 5000 82 


ee 


If the current is interrupted while the lamp is in 
operation, the lamp cannot be relighted until it has 
cooled enough to reduce the mercury-vapor pressure 
sufficiently to allow the arc to strike again, which will 
occur automatically if the current is on. This requires 
about 7 minutes. This characteristic of the lamp in 
some applications is likely to be a disadvantage in 
intermittent services where lamps are often switched 
on and off. However, where lamps are used continu- 
ously for extended periods, as they «are: im industrial 
interiors, no inconvenience because of this character- 
istic has been reported from the many installations 
already in service. 





The Type H-4 


The H-4 is sometimes referred to as a “capillary” 
lamp because the arc discharge takes place within a 
small capsule-like tube of quartz. ‘This construction 
with short arc length and small diameter allows opera- 
tion at high vapor pressures and temperatures. ‘The 
outer bulb serves merely as protective container and 
can be of any convenient size or shape. ‘The quartz 
capsule transmits the ultraviolet radiation produced 
by the arc, and if the outer bulb is also of ultraviolet- 
transmitting glass, the radiation is similar to a sun- 
lamp and is used for health purposes. ‘This type is 
designated as the S-4 lamp. For applications to pro- 
duce fluorescent effects, where visible light is not 
wanted, the lamp is available with a red-purple bulb 
designated as the B-H4 lamp. The H-4 capillary 
mercury element is also mounted in PAR-38 bulbs 
designated as C-H4 (spot) and E-H4 (flood) lamps. 
A clamp-on disc filter can be used to remove the visible 
radiation when such lamps are employed for fluores- 
cent lighting effects. ‘The electrical characteristics of 
each are the same and all operate from the same type 
of transformer. | 


The spectral quality is essentially that of the 
usual mercury lines but as operating pressures are 
increased, an increasing proportion of the energy 
manifests itself as a continuous spectrum. 


The H-4 source comes up to full brilliancy in from 
2 to 3 minutes, starting with a blue (argon) glow and 
gradually assuming its normal operating color and 
efciency. ‘The arc will be extinguished in event of 
current interruption but will restart automatically 
after a cooling period of 2 to 3 minutes. The H-4 
lamp will remain in operation even with a 20 per 
cent decrease from normal operating voltage—show- 


ing considerably more stability than the H-1 lamp in 
this respect. 








The Type H-5 


The ‘Type H-5 mercury-vapor lamp is a 250-watt 
capillary source similar in construction to the ‘Type 
H-4. However, the H-5 has a larger bulb and base, 
and incorporates other design features which result 
in a luminous efficiency of 40 lumens per watt. 


There are at present two standard variations of 
the H-5 mercury lamp, the A-H5 for fluorescent effects 
and the C-H5 for illumination work. ‘They are iden-- 
tical in construction except for the glass used in the 


outer bulb, the A-H5 outer bulb being made of a 


glass which transmits a greater portion of the near 
ultraviolet energy. However, the visible radiation 
must be absorbed by an external filter, which may be 
in the form of a cylinder to jacket the entire bulb or 
a nearly flat circular piece to cover the reflector open- 
ing. ‘The curves on page 37 show the spectral trans- 
mission characteristics of some typical near ultraviolet 
filters. It will be noted from the spectral data table 
on page 40 that the fluoren output of the A-H5 
is higher than that of any other single source com- 
monly used for fluorescent effects—the fluorens per 
watt of the A-H5 also compare favorably with other 
Type H lamps employed for “black lighting’ work. 
The present effective ultraviolet life of the A-H5 
Jamp is 1000 hours. 


While the C-H5 lamp has been employed to some 
extent for outdoor lighting such as special floodlight- 
ing and highway tunnel lighting, the majority of such 
applications using mercury lamps have been with the 
16,000-lumen H-1 source. 
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Starting Characteristics of the Type H-=1. The electrical characteristics of the 400-watt mercury lamp vary considerably from 
time of starting to complete vaporization of the mercury. Immediately after power is applied (zero time on the graph) the lamp current is 
about 5 amperes, which is practically the short circuit current of the transformer. The curves of lamp current, voltage and wattage during 
warm-up are the same for all transformers. The graph on the right shows the line characteristics, using a 220-volt high power factor transformer; 
the dotted curve indicates the increased current required by an uncorrected power factor transformer. 
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Starting Characteristics of the Type H=-4. The 100-watt mercury lamp comes up to full output in less than half the time 
required by the Type H-1, as indicated by the above curves. Except for the shorter build-up time, the lamp and line characteristics on 
starting are similar to those of the H-1 lamp. The line values at the right were obtained, using a 115-volt, 50 per cent power factor 
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transformer. Line starting and operating currents are less if 90 per cent power factor transformers are used. 
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Starting Characteristics of the Type H-9. The 3000-watt A-H9 has the somewhat unique characteristic of ‘‘overshooting”’ 
fairly early in the build-up period. After a quick recession, the lamp again resumes its normal warming cycle and comes up to full output 
in about 7-8 minutes. A 230-volt transformer was employed for the line characteristics at the right. For the 460-volt transformer, starting 
and operating line currents will be half those indicated; for the 575-volt transformer, 40 per cent. 
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ARACTERISTIC DATA 


Since Type H (Mercury) lamps must be operated within rather 
close voltage limits, transformer taps are provided for satisfactory 
operation over a wide range of line voltages. It is recommended 
that mercury lamps not be operated from line voltages more than 
5 per cent above or more than 214 per cent below the rated tap 
voltage of the transformer involved. If the line voltage is con- 
sistently above 105 per cent of the tap setting the increased wattage 
delivered to the lamp may boost the temperature of glass or other 
lamp parts to the trouble point, and may overheat and damage 
the transformer (ambient temperatures for transformers of all mercury 
lamps should not exceed 110°F). These possibilities arise because 
both lamp current and wattage increase above 2 per cent for every 
per cent increase in line voltage over the nominal tap setting. At 
line voltages lower than 9714 per cent of the tap rating, the lamp 
starting reliability is reduced and because of the more difficult 
starting, cathode deterioration may be more rapid. In fact, lamp 
life may be shortened by either excessive under- or over-voltage 
operation. 


_ The accompanying curves show how the lamp volts, current, watts 
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and light output vary with line voltage. These refer to lag circuits 
only—on lead circuits of Tulamp transformers the variations will be 
approximately half of those shown in the curves. 


H-1. Transformers for the 400-watt mercury lamp have voltage 
taps as follows: 115-volt design—100, 107, 115 and 123; 230-volt 
design—200, 215, 230 and 245. The curves apply to single-lamp 
transformers or to the lagging side of a Tulamp transformer. The 
constant-current characteristic of the leading side is such that line 
voltage variations have less influence on lamp volts, current, watts 
and light output. It should be remembered that H-1 lamps on 
leading circuits of Tulamp transformers require approximately 30 
minutes to reach full light output under normal conditions. At low 
temperatures the leading lamp may never come up to proper bright- 
ness, so single-lamp transformers should be used for outdoor 
installations where low temperatures may be encountered. 


H-4. Transformers for H-4 lamps have taps at 110, 115 and 
120 volts and 220, 230 and 240 volts in the higher-voltage design. 
These lamps normally operate close to the critical (softening point) 
of the inner glass and when the line voltage is high or when the 
black light or other fixture housing is not sufficiently ventilated, 
the excessive temperature may damage the mercury element. This 
is particularly true of horizontal or near horizontal burning positions. 


H-5. Transformers have the same tap ratings as those for H-1 
lamps. Voltage and ventilation cautions given above for H-4 also 
apply to the H-5. 


H-6. Transformers have the same tap ratings as those for H-4 
lamps. Note that the lamp current decreases as the line voltage 
is increased, 


H-9. Transformers have the following tap ratings: 230-volt design— 
219, 230 and 241 volts; 460-volt design—431, 460 and 483 
volts; 575-volt design—546, 575 and 603 volts. Excessive over- 
voltage operation is particularly apt to damage transformers for 
H-9 lamps because the ambient temperature at the high mounting 
for which such lamps are most applicable is often near the maximum 
recommended, due to heat convected from industrial processes and 
the like. Too, the H-9 lamp under normal voltage conditions has 
a high bulb temperature and the additional wattage resulting from 
over-voltage operation may boost the glass temperature to the 
softening point. 
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TRANSFORMERS 


Auxiliary equipment for mercury-vapor lamps consists essentially 
of the proper size and type of transformer to provide the required 
electrical characteristics for lamp starting and operation. Individual 
transformers for most mercury lamps are obtainable for both 115- 
and 230-volt operation and often for either 60 or 50 cycles. Trans- 
formers are listed in core-and-coil designs, enclosed units and 
weatherproof units, depending on the service intended. 


Typical transformers for various lamps are illustrated below. 
Tulamp transformers for mercury lamps use the split-phase principle 
well-known from Tulamp fluorescent ballasts and such transformers 
are recommended for systems using H-1 and H-5 lamps because 


AUTOTRANSFORMERS FOR TYPE H LAMPS—60 CYCLES 


Line G-E Catalog No. 
Type of Power-: |2s2 2 ee) Weight, 
Lamps Transformer factor Pounds 
: : Per Cent 115-V 230-V 



































Enclosed 90 58G2 58G12 28 
Enclosed ‘ 60 58G3 58G13 23 
H-1_ Enclosed Tulamp 95 58G106 58G116 39 
400 Watts Weatherproof. . 90 58G10 58G20 37 
Weatherproof. . 60 58G9 58G19 32 

Core-and-Coil . 60 58G1 58G11 18% 
H-4 Enclosed .... 90 59G22 59G32 ES 
100 Watts Enclosed .. 50 59G18 59G28 8 
(Can also be Weatherproof. . 50 59G20 59G30 (9 
59G26 ri 








used for S-4) Core-and-Coil 50 59G16 



































Enclosed . ... 90 58G132 58G142 28 
Enclosed . .. . 50 58G133 59G143 23 
H-5 Enclosed Tulamp 95 58G225 58G235 36 
250 Watts Weatherproof. . 90 59G140 58G150 37 
Weatherproof. . 50 58G139 58G149 32 
Core-and-Coil 50 58G131 58G141 18% 
H-6 Core-and-Coil 
1000 Watts Transformer . 65 59G37 59G38 45 
H-9 Enclosed .°.. -. 90 230V—59G212 160 
3000 Watts Enclosed . .. 90 460 V—59G213 135 
Enclosed °°. = . 90 575 V—59G214 


9ADX54C | 





S-1 
400 Watts Core-and-Coil 40 100—125-V | 
-RS-4, S-4 58G720 
100 Watts Core-and-Coil 50 105—125-V 


The present standard types of Type H (Mercury) and Type S (Sunlight) lamps have a letter-numeral com- 
bination which designates each. Lamps having the same numeral designation (except Type S-1 Sunlamps) can be 
used.on the same transformer. For example, a transformer for the 100-watt A-H4 will also provide the proper 
current and voltage characteristics for S-4, RS-4, B-H4, C-H4, and E-H4 lamps since all of the sources have identical 
mercury-arc characteristics. The prefix letters A, B, C, etc., simply indicate modifications in construction for 


different bulb shapes, burning positions or type of outer glass employed. 








Watts - Approx. Line Current, Approx. Over-all 
Loss Amperes Dimensions. Inches 
a a ee __ Operating _| width | Length | Height 
| 115-V | 230-v | 115-V | 230-V | 









they provide high over-all power factor, good stability, line starting 
current less than the operating current, lower first cost, lower power 
losses and lower wiring costs. Single-lamp transformers having built-in 
capacitors for power correction are available in enclosed and 
weatherproof designs for some Type H lamps. High power 
factor auxiliary equipment is recommended in all cases to relieve 
the supply lines of unnecessary burden, giving better voltage con- 
ditions at the lamp and greater installation and operation economy . 

Sunlamp transformers are designed for installation in fixture 
housings and for intermittent operation. Special transformers should 
be obtainable when the service requires continuous burning. 






















48 52 70 
4.0 48 12.0 
80 70 6.0 
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37 40 3.6 
35 38 7.9 
72 70 2.79 
37 40 3.6 
39 38 7.9 
35 38 7.5 
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The Type H-9 


The 3000-watt A-H9 mercury lamp is a tubular 
source about 114 inches in diameter and 547% inches 
in over-all length. The actual light source length or 
distance between electrodes is about 48 inches. The 
lamp has a porcelain base at either end with single- 
contact terminals. The rated life is 2000 hours, based 
on infrequent starting, characteristic of present-day 
industrial-lighting service conditions. An indication 
of the high-bay lighting possibilities offered by this 
lamp will be seen in its lumen rating—approximately 
120,000 lumens initially (after 100 hours). ‘This out- 
put is 7 lf, times that of the H-1 lamp and means that 
fewer units are required to produce a given footcandle 
level, with consequent reduction in maintenance cost. 
Both the H-1 and the A-H9 sources have initial lamp 
efficiency of 40 lumens per watt. 


_ The A-H9 may give trouble with starting at tem- 
peratures below freezing, even with a somewhat 
elevated supply voltage. However, it is possible to 
include an accessory device for each lamp which 
would automatically produce the necessary starting 
“kick” for low temperature conditions. Applying 
local heat to one or both ends of the lamp may also 
facilitate starting. “Tests indicate that nearly normal 
light output will result when such starting procedures 
are followed. Lamps which have burned for some 
time start at lower temperatures. 


Because the A-H9 lamp wattage is high for its 
bulb size, the lamp operates at a temperature which 
makes it somewhat susceptible to breakage by water 
or by contact with insects having a high moisture 
content. However, it is believed that a light splatter 
of rain would not cause A-H9 lamps in outdoor apph- 
cations to break. A sudden drenching, on the other 
hand, would be almost sure to cause lamp failure. 


Transformers for the A-H9 lamp have been made 





H-9 Lamp base and socket. 


available in three ratings—230, 460 and 575 volts. All 
have taps for 95, 100 and 105 per cent of rated line 
volts and include a built-in capacitor for power factor 
correction. The autotransformer and connection leads 
are carried into a wiring compartment for direct con- 
duit connection of line and lamp. ‘The total power 
consumed by lamp and transformer is about 3220 
watts with the 230-volt transformer. 


Porcelain sockets have been specially designed for 
the 3000-watt mercury lamp. The lampholder employs 
the rotating lock principle which has proved so popu- 
lar in fluorescent lamp sockets. A wire loop acts as 
a safety bail and helps eliminate the possibility of 
lamps falling while being handled immediately before 
insertion or after partial removal. | 


It will be noted from the curves on page 46 that 
the A-H9 requires about 7 minutes to reach full light 
output under normal conditions. If the current is 
interrupted or drops sufficiently to extinguish the arc, 
about 8 minutes will be required to regain total out- 
put. In most lighting installations involving the 
A-H9 and other mercury lamps with similar restarting 
time characteristics, filament lamps are employed to 
provide illumination during the starting and restart- 
ing interval of the mercury sources. 


COOPER-HEWITT MERCURY LAMPS 


One of the earliest low-pressure mercury-vapor light 
sources is the Cooper-Hewitt lamp first exhibited in 1901. 
Such lamps are still encountered in industrial lighting, but 
their principal use today is for photography, photostat and 
similar photo-copy work. 


Cooper-Hewitt lamps are made for replacement purposes 
for both a-c and d-c units. Both have mercury-vapor cathodes 
contained in a ball-like condensing chamber at one end of 


RY 


the lamp. The d-c model has one anode at the other end, 
the a-c lamp has two anodes at the other end, both electrically 
positive with respect to the mercury pool. A high voltage 
kick from the inductive ballast contained in the auxiliary 
housing starts the lamp. The three principal types of Cooper- 
Hewitt lamps are: (1) 1 by 50 inches for the 385-watt d-c 
unit; (2) 1 by 33 inches for the 275-watt a-c unit, and (3) 1 by 
50 inches for the 350-watt a-c unit. The last-mentioned 
unit is highest in efficiency, giving 16 lumens per watt over-all. 
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The Type H-6 


The 1000-watt Type A-H6 mercury lamp consists 
of a capillary quartz tube about 114 inches long, having 
an outside diameter of 14 inch and a bore of 3/32 inch. 
Sealed into each end is a tungsten wire which serves 
both as electrode and lead. ‘The tips of these wires 
project just through the surface of a small mercury 
pool in each end of the lamp. The pressure when not 
lighted is about 1/15 of an atmosphere, which is the 
pressure of the argon gas with which the lamp is 
filled. The lamp reaches its full brilliancy in one or 
two seconds after power is applied, the heat from the 
arc quickly vaporizing the mercury and building up 
the pressure to about 110 atmospheres or 1620 pounds 
per square inch. 


Because of the high wattage in such a small vol- 
ume, it is necessary that water be passed over the 
tube fast enough to prevent the formation of steam 
bubbles on the surface of the quartz tube. To accom- 
plish this, a “‘velocity tube” is placed around the lamp 
with a very small radial clearance through which the 
water must flow. Because the cross-section of the 
water path is so restricted, sufficient velocity is attained 
to prevent steam formation with a water flow of about 
three quarts per minute. Recirculating cooling systems 
have been built employing a pump and radiator. ‘The 
temperature of the water increases only a few degrees 
in passing over the lamps. More than 90 per cent 
of the infrared (heat) radiation is absorbed by the 
circulating water which makes the coolness of its light 
one of the most valuable characteristics of this lamp. 
To supply an equal amount of light, only 42 per 
cent as much wattage is required in the water-cooled 
quartz H-6 lamp as with a 1000-watt high-efficiency 
biplane tungsten-filament source and with only one- 
fifth the radiant energy. 


The lamp produces 65,000 lumens with a maxi- 
mum surface brightness of 195.000 candles per square 
inch, one-fifth the brightness of the sun. Because the 
heat storage is small and cooling rapid, H-6 lamps 
may be restarted at once after the current has been 
turned off. During life the lamp voltage gradually 
increases and the current and wattage decrease. Either 
fracture of the quartz bulb or failure to start term1- 
nates the useful life of the lamp. It is advisable to 
include a pressure switch in the control circuit so 
that the power is turned off automatically if the water 
jacket breaks, or if the water supply 1s interrupted. 
The life is dependent upon the number of times the 
lamp is started and the type of service. “here may 
be more variation in the life performance of individ- 
ual lamps than with other light sources. 


A high reactance transformer supplies the nec- 
essary lamp voltage for a-c operation. The secondary 
of the transformer supplies about 1200 volts on open 
circuit for starting the discharge, the reactance of 
the transformer limiting the starting current to 2.5 
amperes. As the lamp warms up, the pressure rises, 
arc voltage builds up to 840 volts, and the current 


automatically drops to 1.4 amperes. ‘The character- 
istic data are shown on page 47. 


Ballast equipment is also required for d-c opera- 
tion. The lamp current will be about 15 per cent less 
than on a-c, but the d-c generation or rectifier equip- 
ment is somewhat more bulky than the transformer. 


Several kinds of sockets have been designed for 
the H-6 lamp, holding one, two, or three lamps for a 
variety of intended uses. A few of the applications 
are for motion picture production, television trans- 
mission, motion picture projection, photoengraving 
and blue-printing. 


An important application developed by wartime 
aviation, made use of this type of mercury lamp in a 
narrow-beam searchlight type of projector for “ceil- 
ing height’? measurements. Because of the spectral 
quality and cyclic impulses in its emitted energy, such 
sources were adaptable to use under daylight condi- 
tions, whereas, the reflection by the clouds of a beam 
of white light from usual types of filament lamp pro- 
jectors is effective only for night measurements. 


The spectral distribution of the A-H6 lamp in 
both hard glass and quartz water jackets is given on 
page 40. Because of the high internal pressure, the 
radiation is much more continuous than lower-pres- 
sure arcs such as the H-1 where about 92 per cent of 
the lumens are from the mercury lines. 


The connection diagram of the water-cooled A-H6 
is given below. 


Provision is made by the flow switch and solenoid 
valve for the current to be switched off should any- 
thing interfere with the flow of cooling water; also 
to shut off the water in case of interruption of the 
electrical circuit. 


An air-cooled B-H6 lamp rated at 900 watts is also 
available. The characteristics are similar to the A-H6. 
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Sodium Lamps 


Electric discharge lamps using sodium vapor 
possess inherent possibilities for luminous efficiency 
because the radiation from such a discharge is very 
close to the point of maximum luminosity. Efficien- 
cies of 100 lumens per watt have been obtained with 
laboratory sodium lamps and 50 lpw is secured in 
practice. 


Several sizes of sodium lamps have been made but 
only two are in commercial use at présent. “These are 
the 180-watt 10,000-lumen lamp which is the most 
widely used sodium lamp and the 145-watt 6000-lumen 
lamp. They are applied principally to street and 


highway lighting and can be used on either series or 


multiple circuits. 


The 10,000-lumen lamp consists of a tubular inner 
bulb about 12 inches long and about 3 inches in 
diameter placed within a double-walled vacuum flask 
to maintain the proper temperature. The inner bulb 
contains a small quantity of sodium, and some neon 
gas to facilitate starting. Coiled filaments at either 
end serve as cathodes with one side of each filament 
connected to molybdenum anodes so that only four 
base contacts are required. es 


On starting, a time-delay relay in the luminaire 
housing allows the cathodes to heat. Then the circuit 
is broken and the inductive kick of the transformer 
starts a discharge of neon with its characteristic red 
color. As the temperature rises the sodium evaporates 
and gradually the sodium vapor comes up to its full 
brilliancy and normal color. This requires about 30 
minutes. The 10,000-lumen sodium lamp has an 


average life of 3000 hours under normal street or 


highway lighting service. It has a starting voltage 


of 50 and a normal operating voltage of 30. Its cur- 
rent rating is 6.6 amperes. 


The auxiliary equipment for street series opera- 
tion of the 10,000-lumen sodium lamp (designated as 
the NA-9) consists of a time-delay switch arrange- 
ment for preheating the cathodes and a radio inter- 
ference suppressor. For operation on multiple circuits 


Details of the 10,000-lumen sodium lamp. 


a reactive ballast must also be provided since the 
supply circuit does not, in that case, regulate the 
current. 
A sodium Lab-Arc is also available for laboratory 
work. The total input is 60 watts, the lamp itself 
consuming 28 watts. An unusual amount of resistance 
ballast results in some sacrifice in efficiency but insures 
good stability necessary for laboratory measurements. 





PHOTOCHEMICAL LAMPS 


General Electric photochemical lamps are of two classes— 
those in which both anode and cathode are solid electrodes, 
and those which employ a solid electrode as anode and 
a mercury pool as cathode. In general photochemical lamps 
have construction, pressure, and general characteristics similar 
to the Type H mercury lamps. 

The mercury-pool cathode lamps comprise the original 
types of photochemical lamps, and the demand for this type 
is limited mostly to replacements in existing installations, 
very few of them being installed in new equipments. 

The solid electrode lamps are of two general groups— 
short highly efficient mercury arcs in T-6 quartz bulbs, and 
long mercury arc sources in 1-914 heat-resisting hard-glass 
bulbs. In some cases, lamps in the latter group may also 
be made in a quartz bulb. The most popular short quartz 
lamps are the 250- and 360-watt lamps with nominal arc 
lengths of 3 inches and 6 inches respectively, which have 
had a rather general distribution. They have found extensive 
applications in bacteriology, biochemistry, fluorescence, 
pharmacology, phototherapy, spectroscopy, and related 


fields. The greatest application of these lamps is in the 
therapeutic field where the rich ultraviolet output is found 
particularly beneficial. Starting and operation of these lamps are 
entirely automatic, and they may be mounted in any position. 

The long hard-glass tubes include the 1200-, 2000-, 3000-, 
and 3750-watt lamps. The 1200-watt lamps has a nominal 
arc length of 49 inches, moderate pressure, and a bulb of 
No. 973 glass with efficient transmission of the near ultra- 
violet. It is especially useful for producing chemical reactions 
which require radiation in the neighborhood of 3650 angstroms, 
is an excellent source for photoprinting with diazo and blue- 
print papers, and since itis an effective source of visible radiation 
and has a long arc length, it is also for copyboard lighting. 

The 2000-watt lamp has a bulb of No. 172 glass and 
a nominal arc length of 30 inches; the 3000-watt lamp with 
a nominal arc length of 49 inches comes in a bulb of No. 973 
glass; and the 3750-watt lamp has a nominal arc length 
of 64 inches and a bulb of No. 973 glass. These lamps are 
used for copyboard lighting and the general taking of still 
and motion pictures. i 
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MERCURY-VAPOR SUNLIGHT LAMPS 


The bulbs of these lamps are made of a special 
glass which transmits ultraviolet radiation having a 
wavelength of more than 2800 angstroms and absorb- 
ing shorter wavelength radiations harmful to the eyes. 
These sunlight lamps emit considerable energy in the 
2900-3100 angstrom ultraviolet region, which radiation 
is most effective in producing erythema (reddening 
of the skin). In general, the radiations causing red- 
dening of the skin also produce sun-tanning. 


Type S-1 

The Type S-1 sunlamp is designed for uses where 
a combination of ultraviolet radiation and visible 
light is desired. It consists essentially of a mercury 
arc between tungsten electrodes, with a tungsten fila- 
ment in parallel with the electrodes to facilitate start- 
ing. The visible light is a combination of the mercury 
lines and continuous spectrum. In the Type S-I a 
small amount of mercury and some argon gas are 
placed within the bulb, and when the lamp is first 
turned on, the tungsten filament is heated to a very 
high temperature and becomes an excellent electron 
source. The electrons travel between the upper ends 
of the filament, or more probably, from each end of 
the filament to the opposite electrode, since that gives 
a shorter path with the same voltage drop. ‘There is 
sufficient voltage to produce ionization of the argon 
and an arc is started; the bombardment of the elec- 
trodes makes them hot enough to furnish electrons for 
the arc. As soon as this happens the arc moves up be- 
tween the electrodes. ‘The mercury vaporizes quickly, 
the voltage drops and the current rises to normal. 
The mercury discharge partially shunts out the fila- 
ment, the filament temperature dropping several 
hundred degrees when normal operation begins. Like 


the other mercury-vapor sources discussed, all G-E 


sunlight lamps except the RS lamp will not operate 
on ordinary lighting circuits, but require properly 
designed equipment to produce the correct starting 
and operating voltage. 


Lamp failure is caused by filament burnout 
(usually near an electrode because the discharge on 
starting is from each end of the filament to the oppo- 
site electrode) and wearing out of the electron-emis- 
sive material on the electrode. 
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The maximum ultraviolet output from S-1 lamps 
is obtained when they are operated vertically base-up. 
The approximate relative ultraviolet output at other 
angles is as follows: 





Relative Ultraviolet, 
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Type S-4 and RS-4 


The S-4 sunlamp is a capillary mercury source of 
low wattage and relatively high ultraviolet output. 
The operating principles are covered in the discussion 
of the type H-4 lamp. The RS-4 lamp uses the same 
capillary mercury element as the S-4 but in a reflector 
type bulb of proper spectral transmission character- 
iStics. 2 

Because it requires an external ballast (any of the 
Type H-4 transformers can be used) the RS-4 is made 
with the admedium screw base and therefore, it can- 
not be inserted in the common household socket. 
Because it was designed principally for poultry and 
animal husbandry applications, the RS-4 has a heavy 
frosting at the end of the bulb to give a wide distribu- 
tion of energy and reduce the number of units re- 
quired to irradiate the birds or animals. ‘The erythe- 
mally effective intensity at 60 degrees from the axis 
of the lamp is 50 per cent of the maximum, indicating 
the degree to which the heavy frosting spreads out 
the radiation. Because the birds move around con- 
siderably and the feathers absorb part of the ultra- 
violet, the recommended exposure time is | to 3 hours 
when the lamps are mounted several feet above the 
floor. | 


Though the ultraviolet output of the S-4 depre- 
ciates rapidly when the lamps are new, after the first 
few hours of burning the depreciation is comparable 
with the S-l1. The S-4 exposure periods should be re- 
duced when an old lamp is replaced with a new lamp. 


Type RS 


As mentioned, the RS sunlamp is a self-contained 
unit with a mercury discharge element and a tung- 
sten-filament resistance ballast incorporated within an 
ultraviolet-transmitting, reflector-type bulb. ‘he in- 
tegral bimetallic starting switch first allows current to 
pass through the filament ballast and an auxiliary 
starting electrode which brings the latter up to emit- 
ting temperature. The switch is so oriented that in 
several seconds the heat from the filament ballast 
causes the bimetallic switch to open and the full line 
voltage starts the mercury element. ‘The temperature 
of the filament then is reduced because it is in series 
with the mercury arc rather than the lower resistance 





value represented by the starting electrode. 
operation the heat from the filament ballast is suf- 
ficient to hold the starting switch open. ‘The starting 
switch is similar in operating characteristics to ther- 
-mal-type starters used for fluorescent lamps. 


During 


The RS lamp takes around 3 minutes to reach full 
light output on starting and approximately 5 minutes 
for restarting. Part of this time is required for the 
bimetallic switch to cool down and close, and no light 
is produced during that period. RS lamps may “blink”’ 
before becoming stable, particularly on restarting. 
Direct-current operation is not recommended because 
arcing at the contacts of the built-in thermal switch 
results in short life. The life of the RS: lamp .on 
normal a-c circuits in household use has been esti- 
mated as approximately 400 applications. 


E-Viton Rating of Sunlamps 

In specifying safe “doses” of radiations from sun- 
lamps, the term “footcandle minutes for MPE” (Min- 
imum Perceptible Erythema) was formerly used. 
Thus, any meter for measuring light intensity could 
be used in determining the footcandle portion of the 
“footcandle minutes for MPE” specification. But this 
method cannot be used with sources that allow the 
ultraviolet to pass but filter out the visible radiation. 
Therefore the unit ‘“E-viton” (Erythemal viton) has 
been developed and is now used to measure the energy 
which produces sun-tanning of the skin. The E-viton 
is that amount of radiant energy which will produce 
the same erythemal effect as 10 microwatts of 2967A 
wavelength. 

The following table gives nominal E-viton out- 
puts of the sunlamps just described: 


Lamp E-vitons 
S-1. (without reflector) 68,000 
S-4. . (without reflector) 50,000 
RS-4 . (Reflector type) 35,000 
RS. (Reflector type) 25,000 


Exposure times vary with individuals and it is dif- 
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ficult to give recommended values which are effective 
and satisfactory for all people. Too, the exposure 
can be increased as a person becomes accustomed to 
the radiation. A value of approximately 225 E-viton 
minutes per square inch is considered the average 
value to produce a minimum perceptible erythema of 
untanned human skin. In general, an exposure of 
5—10 minutes at a distance of 30 inches from new 
lamps will produce a mild sunburn on untanned skin. 


While the total E-viton output of the RS lamp is 
lower than that for the RS-4, the energy is delivered 
in a more concentrated beam, so that the erythemal 
effectiveness along the axis (equivalent to end-on 
candlepower) is over twice that of the RS-4. The 
intensity for the RS at 30 inches is around 25 E-vitons 
per square inch, as compared to approximately 12 for 
the RS-4. Comparable values for the S-1 and S-4 will 
depend on the contour and efficiency of the reflector 
used with these lamps. 


The ultraviolet output of sunlamps is significantly 
a function of primary voltage as shown by the curves 
below. ‘The relative E-viton output increases rapidly 
if S-1 lamps are operated over-voltage. Lamp life will, 
however, be reduced by over-voltage operation. 
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GLOW LAMPS 


It has long been known that if sufficiently high 
voltage is applied to electrodes that are sealed within 
a bulb containing an inert gas (neon, argon, helium, 
etc.) at the proper pressure, light is produced at the 
negative electrode or cathode. For this reason glow 
lamps are sometimes called ‘“‘negative-glow lamps” 
since all the glow takes place at the negative electrode. 
This is evident on direct current, but on alternating 
current the reversal of polarity is so rapid that both 
electrodes appear to glow. ‘This phenomenon was 
early associated with high voltage, but later methods 
have been developed for so sensitizing electrode sur- 
faces with free electron materials that the voltage for 
initiating a discharge in these rare gases has been 
reduced to as low as 60 volts on direct current and 
42 volts on alternating current. Glow lamps are now 
practicable for use on standard commercial lighting 
circuits. Various sizes and types of glow lamps are 
now available ranging from about 1/25-watt to 
3 watts in power consumption. 


Neon gas is most generally used in glow lamps, 
and produces an efficiency of about .3 lumens per 
watt. Since the light output of glow lamps is not 
ereat, they find only limited use as sources of illu- 
mination; they are valuable, however, as signals, 
pilots, night lights and indicators of live circuits and 
by intensity of glow give some hint as to the applied 
voltage. 


Glow lamps are finding a great variety of uses in 
these applications because of their low current con- 
sumption and wide voltage range, insignificant heat, 
reliability and ruggedness and long life. 


The low current consumption is indicated by the 
current range which is from only 0.0004 ampere for 
the smallest to 0.030 ampere for the largest lamp as 
now manufactured. 


These lamps are extremely dependable. - Unlike 
other lamps, they do not suddenly fail at the end of 
some definite period, but rather, slowly decrease in 
light output during a period of some 3000 hours. 
During this time, slow disintegration causes the walls 
of the bulb gradually to darken, and this is accom- 
panied by an increasing cathode drop, so that after 
3000 hours use and light output has dropped to 70 


percent of its initial value. 


‘This process continues until the lamp is no longer 
useful as a light-giving device. Unless the lamps are 


“NEON GLOW LAMPS ~ 
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broken or subjected to a mechanical shock sufficiently 
violent to short-circuit the electrodes, they will not 
suddenly fail. ‘This reliability recommends them for 
many unusual uses. 


Performance Characteristics 


Glow lamps are not affected by voltage variations to the same 
degree as filament lamps. Their light output varies in almost 
direct proportion to the current, while life varies, roughly, in- 
versely as the cube of the current. It is, therefore, apparent 
that ordinary fluctuations experienced on commercial circuits will 
have but a small influence on either the life or light output. 


There are two separate and distinct voltages to be considered — 


when discussing supply voltage at which glow lamps will start 
and operate, viz., (1) breakdown voltage and (2) maintaining 
voltage. 


Breakdown voltage is that voltage at which the gas becomes 
ionized and begins to pass current. Below this starting voltage 
the lamp cannot be made to light since current will not pass. 


Practically all glow lamps that start under 90 volts direct 
current have electrode surfaces so sensitive that they emit elec- 
trons photoelectrically when light falls on them. This current 
emission aids in reducing the breakdown of the lamp. 


Maintaining voltage is the voltage at which the lamp will 
remain lighted after having started. On alternating current the 
maintaining voltage is practically the same as the breakdown 
voltage, while on direct current it is approximately 15 volts lower. 
There is, therefore, a considerable difference between the supply 
voltage and that at which the lamp will remain lighted. This is 
absorbed by a ballast resistor which serves to stabilize the lamp. 


Volt-ampere Characteristics 


Glow lamps, like all electric discharge lamps, have a nega- 
tive or “run away”’ characteristic. Because of this characteristic, 
if the lamp were connected directly across a source of voltage 
sufficiently high to ionize the gas, the current would immediately 
rise to such proportions as to destroy the lamp. It is therefore, 
essential that a limiting resistance be used in series with the lamp. 
In screw base lamps this resistor is incorporated in the base; 
in the case of bayonet base lamps, which are manufactured with- 
out a resistor, the proper resistance must be supplied externally 
in the circuit by the user. 


The Nature of the Radiation from Glow Lamps 


Neon glow lamps give an orange-red glow since they radiate 
mainly the red and yellow rays. There is some radiation in the 
infrared. There is very little visible radiation in blue or violet. 
The glass bulb absorbs whatever small amount of shorter wave 
ultraviolet radiation may be generated in the discharge. 


Argon glow lamps, which consist of a mixture of gases, radi- 
ate mainly blue, violet and in the near ultraviolet region. The 
negative glow appears blue-violet. The fact that there is strong 
radiation in the near ultraviolet region can be demonstrated by 
the fluorescent effects produced on uranium glass and many phos- 
phorescent and fluorescent substances. Commercially, therefore, 
the argon glow lamps are used to some extent as convenient 
ultraviolet sources. 


GLOW LAMPS —105-125 Volts 














| | Maxi- Approximate 
ve ; 

Dente (Nowe. Bulb Base Overell sari Series 
tion nal) Length, |——_—_|_ Resistance 

Inches | 4 c.}p.c.| Obms* 
NE-2 1/25 T-2 Unbased (Wire Term.) 1+ 65 90 | 200000 EX 
NE-51 1/25 | T-3i4 S. C. Bay. Min. 13 65 90 | 200000 EX 
NE-48 1/4 T-414% D. C. Bay. Cand. 1% 65 90 30000 EX 
NE-45 1/4 T-4% Cand. Screw 1% 65 90 30000 IN 
NE-27 | 1/2 G-10 Medium Screw 276 1052) et 3500 IN 
NE-30 | 1 G-10 Medium Screw 2s 60 85 4800 IN 
NE-32 1 G-10 D. C. Bay. Cand. 2 60 85 4800 EX 
NE-34 | 2 S-14 Medium Screw 335 60 85 3500 IN 
NE-36 2 _| S-14 SK. D. C. Bay. Cand. 334 60 85 3500 EX 
NE-40 a S-14 ‘Medium Screw 35 60 85 2200 IN 
Ne-t2 | 3 34 60 | 35 | 2200 EX 


S-14 Sk. D. C. Bay. Cand. 33 


* Kf X—external; [N—internal. 
+ Not recommended for d-c service. 
NE-56 is similar to NE-30 but designed for 210—250-volt circuits. 





1 
1 


= = 


| a 


Vi 
, 


ey 





< 
m 
While fluorescent lamps are > 
designed for a color temperature W Blue sky with thin 
of 3500°K, daylight lamps for white clouds 
6500°K and more recently an Blisock 
: : ° ue Sky 
intermediate white at 4500°K has 
been added. Soft white has also 
found a_ place in applications Uniform overcast sky 
where a warm white is desired. 
The color temperature might be 
roughly equivalent to 2800°K. 
This chart indicates that variable 
natural daylight can be matched Average noon sun 
by both filament and fluorescent 3:30 p.m. 
lamps. In fact, various combina- 
tions of fluorescent lamps can be 4:30 p.m. 
made to produce almost any color 
temperature. The color tempera- 2 hours 
tures of lamps and combinations 
shown are based on the chromatic 11% hours 
response of the eye which may -& 
differ from the response of photo- = rm) 
graphic emulsions. Ww = 1 hour 
a 
3 
< 
a= 40 min. 
— 
30 min. 
20 min. 
Sunrise 


COCCUDDDOCNOS 


COLOR TEMPERATURE 


Mercury-vapor lamps because of the line or banded 
spectrum are never assigned color temperature ratings. 
Mercury sources themselves appear bluish-white, very 
close to natural daylight at 6500°K. For that reason, 
white or neutral surfaces floodlighted with mercury 
lamps appear about as they would in daylight; col- 
ored surfaces, however, may be greatly distorted in 


color appearance. 


Fluorescent lamps are given color temperature 
ratings to distinguish between the types of white light 
lamps. Strictly speaking, such ratings are not quite 
applicable since the actual color content of the light 
differs slightly from that produced by a black body 
radiation. Color temperature ratings as applied to 
fluorescent lamps, furnish about the simplest means 
of describing or comparing the color range or differ- 
ence in colors of “white” light from the several types 
of lamps available. 


Color temperature, in a popular sense, refers to 
the degree of whiteness of a light source. It is obtained 


Natural Daylight 









Extremely blue clear 
northwest sky 


Blue northwest sky 


DEGREES KELVIN 


Pasriresatiy 


by comparing the color with that of a standard lab- 
oratory radiator heated to the proper temperature to 
give the same color of light. Color temperature is 
expressed in degrees Kelvin. The filament operating 
temperature of a tungsten lamp, when expressed in 
the Kelvin scale, is a close approximation of the color- 
temperature. although it departs slightly from the 
scientific standard (black body radiation) because of 
the selective radiation of tungsten in the visible region. 
The light from tungsten filament lamps will range 
from 10 to 40 degrees higher in color temperature 
than the actual filament temperature. 

The filament temperature of 115—120-volt tung- 
sten lamps is related to the applied voltage by the 
following equation: 


VOLTS _ 


volts 


FILAMENT TEMPERATURE ) 27 


filament temperature 


The capitals represent normal values. This rela- 
tionship applies for voltages not too far from normal 
rated volts. 


Artificial Sources 


- 1 blue and 1 daylight fluorescent lamp 


Blue glass north skylight filters 


available to give a range from 
5,400 to 30,000°K 






1 blue and 2 daylight fluorescent lamps 


1 blue and 4 daylight fluorescent lamps 


Daylight fluorescent lamp 


4 daylight and 1 white fluorescent lamps 


3 daylight and 1 white fluorescent lamps 


2 daylight and 1 white fl tl 
Davlightohotelloed: Gis en ta 


Fluorescent lamps and various combinations 


4,500 *K White fluorescent lamp 


500-watt Daylight lamp 
Photoflash 
150-watt Daylight Jamp — 


hite fluorescent lamp 
CP Photo lamps—Photofloods 


High efficiency filament 
Photographic lamps 


Range of Standard 


filament lamps 


| Gas-filled 


General service 
filament lamps 


ef Vacuum 
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4." Candle flame 


Heat and Drying lamps 









































STANDARD LINE—Bipin base construction for preheat starting circuits. 


Miniature Bipin Base Medium Bipin Base 


Wattage Size och eS 15 

6 8 13 14 (T-8) | (1-12) 20 30 
Nominal Length, Inches... 9 12 21 15 18 18 24 36 
Diameter, Inches . . .. 5% 5% 5% 1% 1 1% 1% 1 
Bile tan etd Sa org T-5 T-5 T-5 T-12 T-8 T-12 T-12 T-8 
Approx. Lamp Amperes 0.145 | 0.16 0.16 0.37 0.31 0.33 0.36 0.35 
Approx. Lamp Volts... 48 57 100 A1 55 46 59 98 


Circuit Voltages ©. 


Rated Average Life . See Table on Page 70.. 


Lumen Output— 
WRG: “2. ruins ce ee 210 330 tenn 490 615 600 920 1470 
A500 White dos iecee ns 198 310 545 460 600 570 860 1380 
Daylights toate ee 186 295 Steers oa 585 540 800 1350 
Footlamberts— 
White... 2620 2950 Seas 1410 2080 1360 1450 2260 
4500 White 2470 2770 2520 1310 2030 1290 1360 2120 
Daylight 2330 2640 Prag Since 1980 1230 1260 2080 


40() 


48 
1% 
T-12 
0.42 
106 


Depends on ballast types available for various lamps—see Table on Page 63. 


2300 
2100 
1920 


1750 
1610 
1470 





Mogul Bipin 


40) 100 
60 . 60 
2% 24% 

T-17 T-17 

0.40 1.50 
110 71 

yen 4200 

2100 4000 

panties 3900 

spte sea 1850 
920 1760 

the let es 1710 


@ The 40-watt T-12 instant-start lamp has a medium bipin base with pins short-circuited inside end caps and will not operate on 


” preheat ballast circuits; the 40-watt T-17 mogul bipin is of the same construction. 


SLIMLINE LAMPS—AII Slimline lamps have a single pin base—for instant-start hot-cathode operation. 


Nominal Length and Bulb Diam. 42''—T-6 64'’—T-6 72''—T-8 
Maximum Lamp Length, Inches AO: 62 . 70 
Diameter, Inches . . ... 34 34 1 
Minimum Starting Voltage . 450 600 600 
Rated Lifes.’ ees eS See Table on Page 70. 
Lamp Watts (Add Auxiliary 

Watts for Total) oo. 8 o.0% 16 25 24 39 22 38 
Lamp Current Milliamperes 100 200 100 200 100 200 
Approx. Lamp Volts. 180 150 985 — 230 250 920 
Lumen Output—4500 White 880 1320 13.70 2150 1340 2250 
Footlamberts—4500 White . 1600 2450 1600 2450 1000 1650 
CIRCLINE—4-prong, connector-type base. 
amb Watts aioe. cers ee 32 Watts Light Output (White) . 
Outside Diameter of Circle 197414" Brighti]ess: 3) tao Gh eee 
Diameter of Tube... T-10 (144") Circline lamps in 8’’ and 16” diameters will also be available as 
Lamp Amperes (Operating) 0.43 Amps. production facilities permit. 
Lamp Volts (Operating) . . 84 Volts 


r 


56 


96'’—T=8 
94 
1 

750 
29 51 
100 200 
335 295 
1800 3050 
1000 1650 


1600 Lumens 


2040 Footlamberts 


a 


® The fluorescent lamp may take a variety of forms, 
and is the most versatile of all lamps. Fundamentally it 
is a most efficient generator of ultraviolet radiation, con- 
centrated at one principal wavelength of 2537 Angstroms. 


© 2537A Radiation. The secret of high transforma- 
tion of the electrical watts input into radiation of 2537A 
wavelength lies largely in the low mercury vapor pressure 
within the bulb. This pressure is of the order of 6 to 10 
microns (roughly one, one hundred-thousandth of normal 
atmospheric pressure) under standard conditions; slight 
changes in such a small normal pressure can have appre- 
ciable effect on lamp characteristics. 


bd Germicidal Lamps. Short-wave ultraviolet radia- 
tion of 2537A wavelength is not encountered in the sun’s 
radiation (the shortest wavelength from the sun is about 
2900 Angstroms) and this short wavelength is lethal to 
germs and air-borne bacteria. This radiation does not 
pass through ordinary glass—but when a special glass is 
used that will transmit this short-wave ultraviolet energy, 
we have a Germicidal Lamp now available in several sizes. 


e Phosphors. These are powders or chemicals with 
which the inside of fluorescent lamps are coated. They 
transform 2537 radiation into longer wavelengths. Cer- 
tain phosphors merely transform the short-wave ultra- 
violet to longer wave ultraviolet which is effective for 
suntan, and black light effects. The line of BL (black 
light) lamps is an example of converting 2537 radiation 
into longer wavelength ultraviolet radiation. Other phos- 
phors convert 2537 radiation into visible light of various 
wavelengths or colors. Mixtures of two phosphors pro- 
duce white light. 


—the majority of the particles in fluorescent coatings 
are extremely small (.00008 to .0002 inches in diameter) 
and the total coating weight of a 40-watt white or daylight 
lamp is only 2 to 3 grams (a gram is approximately 1/28 
ounce). This particle size must be closely controlled — 
if too large, the lamp will appear coarse or grainy on 
close examination but the milling required to make the 
particles extremely small injures them somewhat and 


Ll reduces the fluorescent intensity. 

_ iE — When not lighted, fluorescent coatings are matte white, 
translucent and almost completely diffuse. However, 
i suitable fluorescent materials are not available to produce 


all the desired final colors, so in the case of gold and red 
lamps an inner coating of that pigment is applied before 
the phosphor coating. Because of this ‘‘filter’’ the gold 
and red lamps do not appear white when unlighted. 


e Lamp Types. The first lamps were introduced com- 
== mercially in 1938, and the standard line has been extended 
: to include long, slim tubes known as Slimline lamps, and 
circular lamps known as Circline. All operate on the 


same principal, although there are variations in design to 
me | meet new needs as these have developed. The principal 
— variations concern the starting and operating current and 
al voltage, and all require some sort of auxiliary ballast to 
1 a transform and regulate ordinary ‘‘house-circuit”’ voltages 

| to the requirement of each type and size of lamp. 
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TUBE COATED 
WITH FLUORESCENT MATERIAL 





FLUORESCENT 
LAMPS 


The fluorescent lamp is one form of “electric dis- — 
charge’ source. It consists of a tubular bulb with an 
electrode sealed in each end. Flow of current takes 
place through mercury vapor. In a filament lamp, 
electricity flows from one lead wire to another through 
the solid tungsten wire, thus heating it to incandes- 
cence. In electric discharge lamps the two electrodes 
are separated from each other with no apparent con- 
nection between them. When proper voltage is im- 
pressed on these electrodes, a flow of negatively charged 
electrons is driven from one electrode, attracted or 
pulled to the other. ‘This flow of electrons can be 
made to take place either in a vacuum or in a gas. 
When a gas or vapor is present, the electrical path 
is of lower resistance and the discharge or flow will 
take place at lower voltage. 


The ability of a gas or vapor to become “lumines- 
cent,” that is, to give off light under the influence of 
the flow of electrons through it, involves a somewhat 
intricate theory of the structure of atoms. Popular 
explanations of this theory usually resort to the idea 
of a “collision” of the speedy electrons with the atoms 
of the gas as real in concept as two automobiles col- 
liding on a highway, or as a bowling ball striking a 
set-up of tenpins. When these encounters take place 
there is a state of excitation, which in the case of the 
excited gas, produces light. “This production of light 
comes about from the energy given up as the disturbed 
molecule, atom, or ion settles down to its stable or 
neutral state. | 


Many types of electric discharge sources have long 
been available—the ones popularly known employ 
neon, mercury, and sodium vapor; other gases, such 
as argon, helium, carbon dioxide, xenon, and many 
metallic vapors such as zinc and cadmium have been 
used either commercially or experimentally. ‘The 


fluorescent lamp without its coating of powder is 
essentially a glass tube containing a small drop of 
mercury and a small amount of argon gas to ‘facilitate 
starting. In the case of most lamps the electrical char- 
acteristics, vapor pressure, current density, and voltage 
are so regulated that the resultant discharge produces 
directly as much light as possible. 


In the case of 





CATHODE COATED WITH 
ACTIVE MATERIAL 
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fluorescent lamps these elements are adjusted so that 
the discharge produces very little visible light directly, 
but does crowd as much energy as possible into the 
ultraviolet radiation at one specific point—the 2537A 
line. Mercury is used as the conducting vapor because 
of its high efficiency in the production of ultraviolet 
radiation that activates the phosphors which are 
coated on the inside of the bulb. 

To attempt an explanation of the theory of fluores- 
cence introduces more complications than those in- 
volved in the explanation of the production of light 





directly by the flow of electrons through a gas. The | 


explanation of the property of materials which do 
fluoresce under the action of ultraviolet radiation is 
simply that such materials absorb energy at one wave- 
length, reradiate it at longer wavelengths in much the 
same manner as a transformer absorbs wattage at one 
voltage and current, delivers this power or energy at 
a different voltage and current. The reradiated energy 
of the fluorescent powders, however, is spread over a 
considerable range or continuous band of visible wave- 


lengths. 





FACTORS WHICH INFLUENCE LAMP PERFORMANCE 


The choice of lamp dimensions and electrical 
values is determined not only by the maximum lumi- 
nous efficiency, but by numerous other factors, such 
as brightness, lumen output, lumen maintenance, 
reliable starting and satisfactory regulation pretfer- 
ably without stepup or stepdown from suitable line 
voltages, minimum wattage loss in ballast equipment 
and commercial adaptability to manufacture, ship- 
ment and use. 


Choice of Lamp Voltage 

For most satisfactory starting and regulation of 
preheated-cathode lamps, only about half or less of the 
available open-circuit voltage should be used by the 
lamp, the remainder by the ballast. Thus lamps hav- 
ing voltages below 62 are used on 110—125-volt sup- 
plies with only series chokes as ballasts. Lamps like 
the 30- and 40-watt sizes (103- and 108-lamp volts) 
require an autotransformer (built into the ballast 
case) to step up the 110—125 line voltage to around 
200 so that approximately one-half of the open-circuit 
autotransformer voltage is available for the ballast. 
Such lamps, however, may be used on 208- or 236-volt 
lines with only series choke ballasts. If the open-cir- 
cuit voltage is much more than twice the lamp voltage, 
the wattage loss in the ballast will be needlessly high, 
if much less than twice the lamp voltage, EXCeSsSIVe 
cathode preheating currents, wide fluctuation of oper- 
ating current and wattage with line voltage variation, 
and starter troubles will result. For instant starting, 
the open-circuit voltage must be sufficient to start the 
arc without any preheat and the ratio of open-circuit 
to lamp voltage commonly exceeds 2 to | (it is in the 


Fluorescent Chemicals 


a 


order of 4 to 1 for the 40-watt instant-start circuit). 
In cathode preheating circuits the opening of the 
starter-switch contacts supplies the high-voltage kick 
required for reliable starting. 

The chief determinants of lamp voltage are arc 
length, bulb diameter and lamp current. ‘The type 
of cathode is also a factor—hot-cathode lamps have 


lower voltages than corresponding sized lamps oper- 


ated cold cathode at the same current because the 
former commonly have 70—100 volts less fixed voltage 
drop at the electrodes. For a given current and bulb 
diameter the lamp voltage rises as the length is in- 
creased, and falls as the diameter is increased for a 
given current and length. For fixed dimensions, the 
lamp voltage decreases with increased lamp current. 
For current ratings in the present standard line, the 
lamps having the same length/diameter ratio will 
have approximately the same lamp voltage. 


Mercury Vapor Pressure 

The pressure of the mercury vapor within a fluo- 
rescent lamp has an important effect on the electrical 
characteristics of the lamp. ‘The normal pressure of 
a given size of lamp depends on the bulb-wall tem- 
perature, which in turn is determined by the input 


wattage and the area (a function of length and diam- 


eter) available to dissipate the heat. ‘The optimum 
pressure is that which produces most efficiently the 
ultraviolet radiation that excites the phosphor. As 
shown by the accompanying curves, the lamp tempera- 
ture affects efficiency because the pressure falls above 
or below the optimum value—increased current in a 
given sized lamp raises temperature and_ pressure 
above the point of most efficient 
ultraviolet production. 


Lamp Wattage 
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Phosphor Response 

Many compounds fluoresce when ultraviolet radiation falls upon 
them, but for the most efficient operation of fluorescent lamps the 
phosphor used should have its maximum response at the particular 
wavelengths of ultraviolet generated within the lamp. Since no 
other measured spectral line of the low pressure discharge in the 
fluorescent lamp exceeds 2 per cent of the 2537 line, whenever 
possible, phosphors have been selected whose maximum sensitivity 
lies between 2500 and 2600A. The table on page 58 indicates 
that several of the phosphors have sensitivity peaks at or near 
9537A. Response curves are shown for zinc beryllium silicate 
and magnesium tungstate, the phosphors used in different combina- 
tions to make daylight, white and soft white lamps. Also shown 
is an average curve of several sulphides used for ‘‘black light" 


_ effects where the maximum response is to radiation at 3654A. 


Lamp Length vs Efficiency 


The curve shows the efficiencies of various lengths of 14-inch 
diameter white fluorescent lamps operating at 0.41 amperes (near 
the 40-watt rated current). For hot-cathode operation the voltage 
drop at the electrodes is fixed somewhere between 14 and 18 volts, 
depending on electrode size, cathode emission and filling gas. Since 
the electrode drop represents mostly wasted energy, and remains 
constant, the efficiency for a given loading increases as lamp length 
is increased, but at a decreasing rate. In addition, the end loss 
in light output becomes a proportionately smaller part of the total 
as the ratio of length to diameter is increased. The efficiency of 
a 114-inch 0.41-ampere lamp of infinite length, based on present 
design and manufacturing methods, would be around 80 lumens 
per watt. Further progress in efficiency is largely a matter of develop- 
ment in the chemistry of phosphors and manufacturing techniques. 


Maximum Efficiency and Lamp Current 


The theoretical efficiency of a fluorescent lamp of infinite length 
(positive-column efficiency) decreases as the lamp current is increased 
because conditions are less favorable for conversion of input energy 
to 2537 and other exciting radiation. For a given current the 
theoretical efficiency is improved by increasing the bulb diameter; 
in an actual lamp of ordinary length, efficiencies are somewhat less 
because of end losses. Larger diameters are best for the currents 
necessary to secure high lumens per foot of lamp. 


Effect of Bulb-wall Temperature 
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3 Lamp Exciting Sensitivity Emitted | Emitted qe De COCs Dye ue. By ean a eSsare ck eS sw. tke ave Sheer He os a 
i propor | ee | Reaioe | Sept | Gptet |Epite? escent lamp is the product of volt EE aetna oo alate 

i Calciumal tat BI 9900-3000 9720 3100-7000 | 4400 current and power factor. A study If lamps are De cet fe me : ai : ise the bulb 60 : 

i Mice cairuenate Blue-white |9200-3200/ 9850 | 3600-7900 | 4800 of the voltage, current, watts, length Pall euperctite tdi the extent that the mercuty, vabo! ester OL IEe Coen 
‘ Fi ve liaags bee Gis 9900-2960 9537 4600-6400 | 5250 and diameter of lamps in the table exceeds the value for optimum production of the exciting radiation, : STANDARD LAMPS 
: | Zinc Beryllium Silicate | Yellow-white | 2200-3000] 2537 =| 4800-7500 | 5950 on page 56 will indicate combina- such lamps or units may produce more light below normal room = 2 *® | 7777 ~AT_NORMAL_ ROOM 
Fil Cadmium Silicate . Yellow-pink | 2200-3200| 2400 | 4800-7400 | 5950 tions of those five factors which are ee ich under: ordinary: conditions. | ee 
i Cadmium Borate. . Pink | 2200-3600] 2500 | 5200-7500} 6150 employed in standard fluorescent ) Because of the difference in watts per square inch, the 100-watt #29) 

« i 360 BL Phosphor Blue Ultra | 2200-3200 | 2500-2800 | 3200-4500 | 3600 lamps. ‘The power factor of stand- ee eee eocee hin the doa gee “Orithe 

d : “E" Phosphor . . | Blue Ultra | 2200-2650 2475 2700-4000 | 3250 ard lamps 1s 86—96 per cent, depend- other hand, the 100-watt lamp will fall off more in “Tight Sample 

cE | * 9900A is lower limit of measurements. ing on the particular size. at high ambient temperatures. °26 40 60 80 100... -120 140 160 180 
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CONVERSION LOSSES—Theoretical to Practical Efficiencies 


The diagram at the right shows the approximate 
distribution of energy in the 40-watt fluorescent lamp. 
The top bar indicates the electrical energy input, the 
middle bar shows the conversion of energy within 
the lamp and the third bar gives the ultimate nature 
of the energy output. Skillful lamp design and proper 
operating conditions result in three-fifths of the input 
energy being converted into exciting radiation, prac- 
tically all of which is in a single line (2536.7 Ang- 
stroms) less than an Angstrom in width. A little 
over 2 per cent of the energy is represented in the four 
principal mercury lines within the visible spectrum: 
4047, 4358, 5461 and 5780A. The rest of the input 
plus the conversion loss in the phosphor coating is 
emitted as far infrared radiation or dissipated by con- 
duction and convection. 
loss keeps the cathodes hot—an essential condition for 
the free emission of electrons and highest efficiency 
at low operation voltages. 

The regions marked “light” represent the radiant 
energy emitted in the visible portion of the spectrum. 
The phosphor used determines the distribution of 
this energy and thus the lumen output and color 
quality. The diagram below indicates why the rated 
efficiency of a 40-watt white fluorescent lamp is but 
a small fraction of the theoretical maximum—621 
lumens per watt if all the input wattage could be 
radiated as yellow-green light to which the eyes are 
most responsive. The values given are for the present 
40-watt lamp. The values will be different for lamps 
of different wattage and design. : 

Because it converts the shortwave ultraviolet radi- 
ation to visible light, the fluorescent chemicals or 
phosphors as they are called, are in effect, the heart 
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Follows the light 





Color quality é Dissipated by heating surrounding air 
depends on | but is manifested and conduction to fixture parts 
phosphors used as heat only 


of the lamp. This coating must be subjected to close 
manufacturing control; careful blending and_heat- 
treating of the chemicals themselves and close toler- 
ances on the coating thickness. For example, if the 
thickness is below the optimum value the exciting 
radiation is not fully utilized, and if the coating iS 
too thick, excessive absorption of the light generated 
by the phosphors (due to multiple internal reflections) 
will result. 

Fluted and corrugated bulbs have been tried to 
spread the ultraviolet exciting radiation over a larger 
area of fluorescent material but no gains were pro- 
duced. ‘These and other tests indicate that no ap- 
preciable phosphor saturation or fatigue effects are 
present in fluorescent lamps. 


EFFICIENCY LOSSES IN A 40-WATT WHITE LAMP 


LUMENS 
PER WATT 


SN 


if the electrical energy could be converted without loss to a yellow-green light (5550 Angstroms) to which 
the eye is most responsive, the efficiency would be 621 lumens per watt. 





But phosphors produce light over a range of wavelengths and when 
properly combined to give white light (3500°K) the average 
luminosity is only 47% of the maximum. 


Of the 40 watts delivered to the lamp, about 24 or 60% is converted to exciting ultraviolet. 
M 


ost of the balance is lost in electrode heating and bulb warmth. 


The conversion from one wavelength (2537A) to the longer visible wavelengths which make up 3500° white 


light, is accomplished by the phosphor at theoretically limiting efficiency of 44%. 


Quantum Ratio. 


This is known as the 


Losses due to coating absorption, bulb absorption, end loss in brightness, and non-utilization of 2537 result 


in a 14% loss (86% efficiency). 


53 Phosphor 
5 Visible Mercury Lines 


58 Rated Efficiency 





The 18% loss from 65 to 53 lumens per watt is due to depreciation in first 100 hours, 
phosphor imperfection and loss in milling, and miscellaneous manufacturing variables. 


Note that over-all lamp efficiency is the sum of the phosphor output and the light generated directly by the mercury arc, 
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FLUORESCENT LAMP TYPES 


As far as the principles of fluorescent lamps are 
concerned, these are the same for all types of lamps 
regardless of size, design or type—whether mass pro- 
duced as stock catalog items or whether custom-built 
and shaped to order in letter or pattern form. All 
make use of phosphor-coated glass tubing, excited by 
the predominant 9537A line ultraviolet radiation 
produced by an electrical discharge through a very 
low-pressure mercury vapor medium. As previously 
discussed, the problem of lamp design is one of com- 
posing many variables; among these are the phosphor 
efficiency, proper control of mercury vapor pressure 
and gas-filling pressure, lamp loading or current 
density, bulb wall area which is controlled by lamp 
length and diameter and which in turn affect the loss 
or conservation of heat which in turn affects the in- 
ternal vapor pressure. ‘These design elements are 
common to every type of fluorescent lamp. Any 
further differences in lamp design lie in the field of 
electrical circuits agreeable to the method of starting 
the lamp and developing the proper current and volt- 
age relations as required by its design. ‘This applies 
whether the lamp is to be operated in series or mul- 
tiple, instantaneous or preheat starting. ‘hese mat- 
ters of design are conditioned upon application needs 
and preferences as far as quick starting, starting relia- 
bility, over-all efficiency, ballast size, cost and weight, 
power factor correction, circuit frequency, separate 
starters, and dimming and flashing requirements. 
Some of these factors are regulated by the design of 
the lamp cathodes or terminals which are the source 
of electrons from which the flow of current through 
the mercury vapor comes about. 


Emission of Electrons 


When a discharge or flow of electricity takes place 
through a conducting medium (in this case, mercury 
vapor) electrons flow or are attracted by difference of 
electrical pressure or voltage between one end of the 
lamp and the other. This requires an abundance of 
free electrons. These are commonly furnished by a 
coating of barium and strontium oxide on a conven- 
lent metal base such as iron or tungsten. Some elec- 
tron emission is available from the base metal but is 
multiplied enormously by the oxide coating. ‘There 
are several ways in which materials can be persuaded 
to give up electrons: 


I. Electrical field emission: by application of suf- 
ficiently high voltage differentials, electrons may 
be pulled out of an unheated cathode. ‘This is 
the sole method of cold-cathode lamps and is 
also a contributing factor in hot-cathode lamps. 


No 


Thermionic emission: by heating the electron- 


- emitting material, the electrons boil out with 


less persuasion of voltage and this is the system 
used by the so-called hot-cathode lamps. 


3. Photoelectric emission: where free electrons 
and current flow are provoked by the energy of 


light striking the material. ‘This is the prin- 
ciple on which the General Electric Lightmeter 
and Exposure meter operate, the light-sensitive 
cells generating enough electricity to move a 
pointer over the scale of the meter in proportion 
to the light falling on them. 


Types of Cathodes 


Many hundreds of different cathode designs have 
been made experimentally or used in practice, but 
these narrow down to two principal classes, each 
adapted to the electrical circuit that may be used for 
starting and operating. ‘The two types of cathodes 
shown in the illustration have become known as cold- 
and hot-cathode types; this nomenclature is mislead- 
ing since the cold cathode must actually dissipate 
more heat than does the hot cathode. 


SLIMLINE 
HOT CATHODES 





Cold-cathode Characteristics 


This type of cathode in a variety of forms has 
been used for neon tubing ever since its development 
over 30 years ago. Its use developed around long 
lengths of tubing or a series of lengths fabricated into 
letter or pattern form and used in series on special 
high-voltage circuits. Cold-cathode dictates that the 
electrode be of fairly large size in order to provide a 
large electron-emitting surface. High-voltage starting 
produces quite a shock to a thermionic cathode and 
sputters off some of the metal or coating (that is why 
G-E fluorescent lamps have special cathodes when op- 
erated on instant- or quick-starting auxiliaries; other- 
wise, lamp life is greatly reduced). With the large- 
area iron thimble-type cold cathode, an abundance of 
emitting area is provided to insure long life, even 
when used on flashing circuits. The cathode during 
operation attains a temperature of about 150° C and 
does not get higher because of the low current in rela- 
tion to a large metal area which dissipates the heat. 
Because of the higher voltage required at the cathode 
to maintain the electron emission, there will be a 
higher voltage drop at this point which, for a given 
current, actually means a greater wattage loss at the 
cathode, and the bulb area at each end will be 40 to 60 
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degrees higher in temperature than the same bulb. 


area of hot-cathode lamps. 


Hot-cathode Characteristics 


These cathodes are made of coiled tungsten fila- 
ments coated with electron-bearing materials. By 
passing a current through the filament at starting it 
is heated to around 950° C and by “thermionic emis- 
sion” an abundance of free electrons becomes avail- 


~ able and the arc is established at a lower voltage. 


Because of the small size of the cathode the normal 
current flow maintains a high temperature at a small 
portion of the entire cathode, although the voltage 
drop and consequently the wattage loss at the cathode 
is relatively low; this in turn makes for greater lamp 
efficiency and actually a cooler bulb than with a so- 
called “cold” cathode. Hot-cathode lamps can be 
started cold cathode (that is, without preheating) by 
sufficient starting voltage; however, they will operate 
hot cathode by virtue of the impinging arc heating a 
few segments of the small filament wire to red-hot 
temperature in a fraction of a second. The lamps 
can be dimmed slightly but, if the current is reduced 
too much the filament heating is reduced to the point 
where thermionic emission fails. Dimming cannot 
continue further because the operation would be- 
come equivalent to cold-cathode performance and 
higher voltage would then need to be introduced to 
maintain the arc. 


Lamp Designs 


Lamps designed for preheat circuits have bipin 
bases, but the new Slimline lamps have only one term- 
inal at each end since they are designed for instant- 
starting. However, because of the filament-type cath- 
ode, they operate as hot-cathode lamps. Because of 
the higher efficiency of this type of construction due to 
lower electrode losses, considerable advantage is 
gained, particularly in lamps of shorter length. They 
are not adaptable to dimming or flashing. Cold- 
cathode lamps, because of their inherently long life, 
are advantageous for special custom-built shapes and 
patterns and for applications difficult to replace. 
Their over-all operating efficiency, that is, lumens per 
watt produced, will be less than hot-cathode opera- 
tion. The fact that cold-cathode lamps have generally 
been operated in series is not inherent with. this type, 
since either type, cold-cathode or instant-start, may be 
operated either on series or on multiple circuits. 
Cold-cathode operation is more favorable at relatively 
low current values which in turn suggests smaller 
diameter tubing which fortunately is favorable to 
bending for exposed sign designs and luminous deco- 
rative patterns. For general lighting purposes and 
fixture applications where lamps are enclosed or 
shielded, the choice of one type of lamp over another 
should be governed largely by analysis of over-all cost 
comparisons based on initial investment and operating 
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and maintenance cost in delivering lumens of light— 
assuming a comparable system and distribution of 
light in each case. As far as illumination results are 
concerned as appraised by the science of seeing, there 
is no difference between one type of lamp and another. 


Types of Ballasts for Preheat Starting Circuits 


A fluorescent lamp ballast may be simply a coil 
of insulated copper wire wound on an iron core made 
up of layers of thin iron stampings. The ballast is 
placed in series with the lamp and, properly designed, 
will limit the current to the value for which each lamp 
is designed. Such ballasts may be employed for occa- 
sional use of single, low-wattage lamps, but they are 
not acceptable for general use because of the rela- 
tively low power factor. Low power factor means a 
differential in phase relation between voltage and 
current. The addition of a capacitor will correct this 
differential and bring the two into close relationship. 


The capacitor consists essentially of a thin metallic 
foil separated by thin layers of special insulating 
paper. Capacitors for correcting power factor are 
available as separate units; however, because of the 
importance of high power factor to the user in terms 
of rates for current, and capacity of electrical wiring, 
high power factor ballasts are now the rule. The Gen- 
eral Electric Company recommends the use of power 
factor corrected equipments. 


It should be remembered that any design of fluo- 
rescent lamp as to length, diameter or wattage requires 
a specific lamp voltage and current, and it is the 
function of the ballast to deliver these essentials. 
Therefore, ballast design must be predicated (1) on 
the circuit or distribution voltage on the user's 
premises and (2) on the frequency of the system. “Fhe 
first may involve four voltage classifications—118, 208, 
940 and 260 volts as nominal circuit ratings and the 
latter involves principally three frequencies—60, 50 
and 25 cycles. While the lamp remains the same for 
each condition, this means that ballasts must be prop- 
erly specified for the circuit on which fluorescent 
lamps are to be used. 


Buying incandescent lamps for replacements re- 
quires a specification as to circuit voltage, but this is 
not necessary in buying fluorescent lamps. When the 
installation is first made, the ballast selected must 
agree in both circuit voltage and frequency. For every 
lamp type and wattage available, ballast manufac- 
turers must provide specially designed ballasts for 
each classification of circuit voltage and frequency, 
with further modification for power-factor correction. 


The latter is not as complicated as it reads, be- 
cause in the United States we have reached more than 
95 per cent standardization on 110—125-volt, 60-cycle 


‘circuits. Where available, 220—250-volt circuits, while 


disadvantageous for filament lamps, are advantageous 
for fluorescent lamps. Twenty-five and 50-cycle fre- 
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Representative List of 60-cycle Ballasts 
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For 15= and 20-watt Lamps—Small Cross-section 


2-15 


2 


20 











ae | | 1 
110-125 | 58G678 he eaux ay 3% 9 0.35 
x 110-125 | 58G679 [ 314 9 0.45 


For 30- and 40-watt Lamps—Intermediate Cross-section 
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Catalog . 2 
Lamp | Circuit | Number Size, Weight Approx. | Approx.| Line 
Watts | Voltage Std. Inches Pounds | Watts Power |Current, 
Tine Loss Factor | Amps. 
i a Se en ee 
For 6-, 8= and 13-watt Miniature Bipin Lamps 
ese | : 
___6 | 110-125 | 58G800 ||) 5. a3 x aM 1 2 45 0.16 
8 110-125 | 58G616 2.8 45 0.175 
13 | 110-125 | 28G400 | 135 x 2ux 1% 214 7 45 0.37 


























4-100 | 2002 OU 
+ For Y-connected networks rated 254/440, 265/460 and 277/480 volts. Ballasts are connected line to neutral. In no case use less than 250 volts. 


quency is uncommon in the United States, and the 


‘ few places where such frequency is encountered are 


being converted to standard 60-cycle systems. ‘The 
principal types of 60-cycle fluorescent lamp _ ballasts 
are listed above; additional listings are available for 
25- and 50-cycle circuits. ‘The several types of ballast 
circuits for fluorescent lamps might be described 
briefly as follows: | 


High Power Factor Single-lamp Ballasts 


These ballasts contain a shunt capacitor which gives a power 
factor of 90 per cent lagging or higher at rated volts. 


Tulamp Ballasts 3 : 
‘These use the “split-phase” principle with one of the lamps 

ballasted by inductive reactance only and the other by inductive 

and capacitive reactances in series. The result is an over-all 


power factor of 95 per cent or more and at the same time the 
stroboscopic. effect is reduced because of the 120-degree phase 
displacement in the two branches of the circuit. ‘Tulamp ballasts 
for 118-volt operation of 30-, 40- and 100-watt lamps consist 
of an autotransformer winding and two reactor windings on a 
single core. 


A-C LINE 





Typical Tulamp Ballast wiring diagram 
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Tulamp ballasts for’ 15- to 40-watt lamps inclusive require 
a starting compensator—an inductive winding connected in 
series with the leading-circuit’s starter—to insure satisfactory 
life and lumen maintenance and ‘to provide more positive starting 
conditions at low temperatures and voltage frequently encoun- 
tered. Most modern ballasts now incorporate the compensator in 
the ballast itself. When this is not the case, the compensator 
should be wired in as a separate element. This is mentioned 
because where such compensators have not been used, unsatis- 
factory lamp performance is likely to be encountered, especially 
if the lamps are started frequently. 


Three-lamp Ballasts were made available for 40-watt lamps 
because of the wide application of 3-lamp industrial units which 
formerly required the use of two ballasts. In these ballasts 
a leading (capacitor with inductive ballast) circuit is in parallel 
with two lagging (inductive only) circuits. This provides an 
over-all power factor of approximately 85 per cent. On nominal 
208- and 236-volt service, the lamp voltage characteristics of 
the 40-watt lamp are such that the usual autotransformer type 
ballast is not necessary. Ballasts of this simplified design 
(59G304 and 59G305) are cheaper, conserve on the use of copper 
and iron and were especially designed for wartime saving of 
critical materials when these voltages were available. 


Forlamp Ballasts 


The four-lamp ballast for the 100-watt lamp takes advantage 
of the voltage rating of the 100-watt lamp to operate 2-in-series 
on each leg of a modified tulamp ballast. Its application is 
confined to a Y-connected network distribution rated at 254/440, 
265/460 and 277/480 volts. Ballasts are connected line to 
neutral. Operating two lamps in series is often referred to as 
sequence (starting) circuits and is practical where the sum of 
the lamp voltages does not greatly exceed one-half of the circuit 
voltage. If the sum of the lamp voltages approaches the cir- 
cuit voltage the remaining ballast voltage will be too small to give 
proper regulation to the volt-ampere requirements of the lamp. 








Bat eee | secoal h 2x2 18%4| ay 10 04 
2-30 | 199-21 8G94 33x 24x 184 6 , 
5-30 | 220-250 | 58G942 || ipsa. 12 0.35 14 | 110-125 | 58G864 | Wy 3.6 85 
eee ee 15 | 110-125 | 58G640 | }13; x 214 x 834 134 4.5 90 
2-40 | 110-125 | 58G943 6 19 0.85 20 =| 110-125 | 58G641 ea 974 ALS 90 
9-40 | 199-216 | 58G944 | +123 x 2144 x 184 51% 13 0.5 ie | eee ______+|_— 
2-40 | 220-250 | 58G945 6 15 0.43 110-125 | 58G644 | 13; x 24 x14% 334 9 
30 | 199-216 | 58G643 |\1 5 y 917 x 105% 2% 6.5 90 
220-250 | 58G642 |f-16 * “4 8\| 2% 7 
For 30-, 40- and 100-watt Lamps—Standard Cross-section i 110-125 586647 Li x 24% x 14% 3% 9.5 
99-21 8G64 21% 8. 90 
2-30 | 110-125 | 58G980 4 125 0.7 220-250 | 58G645 jt similis 1074) 2% | 9.5 
2-30 | 199-216 | 58G981 |$23%x3K%x 9% 7 10.0 0.4 
2-30 | 220-250 | 58G982 7 10.5 0.35 F : : 
Bore 10-135 "58G983- Sy aaa ERG EER oes 288 For 40- and 100-watt Lamps—Standard Cross-section 
2-40 | 199-21 8G984 7 Lik 0. 
2-40 | 220-250 | 58G985 ie x 3% x 9% . 125 0.43 2740) | 240-2804) 58G925 |. 294 x 346 x 9) ) 66 | 10) Oe 
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ELEMENTS OF PREHEAT STARTING CIRCUITS 
TYPICAL FLUORESCENT BALLASTS—for single and tulamp circuits 





TYPICAL TULAMP CIRCUIT—showing wiring arrangement and component parts 


Rowe LEAD-CIRCUIT CAPACITOR 
LEAD -CIRCUIT REACTOR AND STARTING COMPENSATOR WINDINGS 
LAG-CIRCUIT REACTOR 













M BALLAST COVER 
PLATE 








BALLAST LEADS 


AUTOTRANSFORMER WINDING Bro ge ee 
DISCHARGING RESISTOR Ce ea 
RADIO-INTERFERENCE CONDENSER fe<— BALLAST CASE 


W 
LINE YEELO 


TULAMP BALLAST 





LAMPHOLDER - 
“SELF LOCKING BY QUARTER 
TURN ROTATION 





STARTER 





COMBINATION STARTER STARTER 


SOCKET AND LAMPHOLDER 

















ANODE STEM PRESS 
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TUBE FILLED WITH § 
ARGON GAS AND 
MERCURY VAPOR 
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INSIDE OF TUBE COATED 
WITH FLUORESCENT MATERIAL 


REPLACEABLE STARTERS—the complete line for all lamp sizes on preheat circuits 


ACTIVE MATERIAL 





TYPICAL LAMPHOLDERS— 


representing rotating, butt-on, turret PASE oi SOR Coen 
and circline types | : 
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FS-5.2 1 bS22:. |. FS-4. | -FS-12 FS-6 


——j]—qjK | e“— lm 


14-watt 
6-watt | 45 _watt| 30-Watt! 30. watt | 100-watt 
AO-watt t 


8-watt 20-watt 


+ For replacement in 2-terminal, 100- 


watt starter sockets. 


~Glow-switch Starters. The glass bulb 
is filled with neon or argon, depend- 
ing on the lamp voltage. Onn starting, when 
there is practically no voltage drop at the 
ballast, the voltage at the starter is sufficient 
to produce a glow discharge between the 
U-shaped bimetallic strip and the fixed 
contact or center electrode (a). The heat 
from the glow actuates the bimetallic strip, 
the contacts close and cathode preheating 


begins (b). This shorts out the glow dis- . 


charge, so the bimetal cools and in a very 
short time the contacts open (c). The 
inductive voltage kick from the ballast is 
then sufficient to start the lamp. During 
normal operation, there is not enough 
voltage across the lamp to produce further 
starter glow so the contacts remain open 
and the starter consumes no energy.. 


V7 
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TYPES OF STARTERS 


20-watt) 30-watt} 40-watt| 100-watt! 100-watt 


* The FS-100 starter has 4 terminals. 


G-E Watch=-dog Manual Reset 
Starters. This type uses the glow switch 
principle and during normal starting the 
switch functions in the manner described. 
This starter has an added feature which con- 
sists of a wire-coil heater element actuating 
a bimetallic arm which serves as a latch to 
hold a second switch in a normal closed 
position. When a lamp is deactivated or 
will not start for some reason after making 
repeated attempts by blinking on and off, 
enough heat is developed by the inter- 
mittent flow of cathode preheating current 
so that the latch pulls away and releases a 
spring-operated switch in the starter circuit. 
This occurs after 15 to 20 seconds at rated 
line voltage, thus removing the annoyance 


of blinking and conserving the life of the 


starter. At the time the lamp is replaced, 
the starter is reset to operating position by 
pushing down on the reset button at the 


Condenser 





Thermal 
Switch 


Heater 


FS-44 FS-64 


A0O-watt | 100-watt 


Thermal-switch Starters. On _ start- 
ing, the ballast, starter heating element and 
lamp cathodes are all in series across the line, 
since the contacts of G-E thermal-switch 
starters are normally closed. The cathode 
preheating current thus also heats the bime- 
tallic strip in the starter and the contacts 
open. The inductive kick then starts the 
lamp, the normal operating current there- 
after holding the thermal switch open. 


G-E thermal-switch starters use some 
energy during lamp operation, (FS-44—14- 
watt. FS-64—114 watts) but their design 
insures more positive starting by providing 
(1) an adequate preheating period, (2) a 
higher induced starting voltage, and (3) 
characteristics inherently less susceptible to 
line voltage variations. For these reasons, 
the FS-44, for example, gives best all-around 
performance of 40-watt lamps, being 
especially useful under adverse conditions 
such as d-c operation, low temperature, and 





top of the starter. 


varying voltage. 





Preheat Cathode Starting Switches 


The function of the starter switch is to complete 
a separate circuit so a preheat current can flow 


through the filament cathodes and heat them momen- 


tarily; after a few seconds the starter circuit is opened 
and the lamp lights. The simplest concept of a starter 
switch is shown in the illustration below where a 
push-button is held down for a second or two and 
released, and manual starters of this type are often- 
times used for desk-type fluorescent lamps. 

The types of starters described above represent 
several designs for accomplishing the operation auto- 
matically. Other types of starters have been developed, 
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but the prime function of every type is the same. “The 
ballast in the main circuit limits the current flow 
through the cathode filaments, otherwise they might 
be heated almost instantaneously like an ordinary 
filament lamp; the limited current passed by the bal- 
last heats the filament more slowly (usually a second, 
as compared with .0001 seconds for a filament lamp) 
and several seconds elapse before the starting opera- 
tion is complete. A small .006 Mfd. condenser is used 
across the switch contacts which aids in starting but is 
primarily useful to shunt out line-lead harmonics 
which may cause radio interference. 

The Watch-dog reset starter is an improved glow 
switch and is recommended over the simple glow 
switch. ‘The latter type will continue to attempt to 
start a lamp even when it. has become deactivated. 
The result is that the lamp will blink on and off 
repeatedly, and unless the lamp is removed or re- 
placed, will continue until the starter itself fails. ‘The 
Watch-dog starter, which may be either a manual or 
automatic reset device, prevents this annoying blink- 
ing and prolongs the life of the starter. 





















































BALLAST AND LAMP OPERATING 
CHARACTERISTICS 


Supply Voltage 


Fluorescent lamps are designed and rated as to 
light output and electrical characteristics at a given 
lamp wattage, and these are the same for each individ- 
ual lamp regardless of the voltage of the circuit on 
which it is used. The ballasts, on the other hand, are 
designed for specific circuit voltages and’ their func- 
tion, besides serving as a choke, is to raise or lower 
the circuit voltage, so as to provide the wattage re- 
quired by the lamp. 


Since variable voltage conditions are encountered 
on most lighting circuits, it is necessary that ballasts 
and lamps perform satisfactorily over a reasonable 
range of circuit voltage; this range is specified on each 
ballast. Fluorescent lamps are designed to give best 
all-around performance within this range. Since line 
voltage is a factor in starting reliability, voltages 
lower than recommended may result in unsatisfactory 
starting. 


The changes in lamp characteristics with variations 
in circuit voltage are given in the accompanying charts. 
In general, one per cent variation in line voltage will 
change the lumen output only about one per cent. 
On a Tulamp ballast, there is a difference in charac- 
teristics on the lead and lag components—the varia- 
tion on the “lead” lamp being approximately one-halt 
that of the “lag’’ lamp. ‘These differences between 
lead and lag characteristics for the 40-watt lamp are 
also given in the lower set of curves. ‘hese curves, 
for all general purposes, apply with minor departures 
to the other sizes of lamps; the variation in light out- 
put for the 100-watt lamp, however, is approximately 
one-half that shown by the curves. 


It will be noted that the over-all efficiency of fluo- 
rescent lamps decreases as the line voltage is raised 
above normal. The increased line voltage causes the 
choke to pass more current to the lamp. ‘This lowers 
the resistance of the arc column resulting in a lower 
voltage drop across the lamp itself. “Phe input watts 
to the lamp are slightly increased and therefore the 
lumens increase over a certain range. In this condi- 
tion, however, the higher current density produces 
the short ultraviolet radiation less efficiently; conse- 
quently, the luminous efficiency of the lamp decreases. 

Hot-cathode fluorescent lamps with present types 
of auxiliary equipments are not adapted to flashing 
or dimming applications. 3 


Ballast Operating Temperatures 


The conventional ballast is enclosed in a con- 
tainer filled with a heavy impregnating compound 
which congeals around the choke coils and condenser. 
This serves to radiate heat and by its compactness, to 
eliminate or minimize noise or hum. ‘The wattage 
loss in the ballast creates heat and suitable ventilation 
must be provided in fixture design or in places where 
ballasts are installed so that the temperature is kept 
within safe limits. If the temperature rises too high, 
the capacitor will fail and cause excessive heating 
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Inferior lamp perform: 
ance and danger of over- 
heating auxiliary may 
result at excessive over- 
voltage. 


Decreased light output 
and uncertain starting 
and operation may re- 
sult at excessive under- 
voltage 


Recommended Operating Range 
Best Performance 





CHARACTERISTIC CURVES 
OF TYPICAL TULAMP 
FLUORESCENT BALLASTS 


| 








PER CENT LUMENS, OVER-ALL EFFICIENCY, TOTAL WATTS & LINE CURRENT 
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Characteristic curves of a 40-watt fluorescent lamp operated on a 
tulamp ballast. 


and eventual failure of the transformer winding. Ex- 
cessive temperature may also result from over-voltage 
operation. 

The temperature of a ballast measured on the 
case should not exceed 194° F, with continuous oper- 
ation and with the starter switch short-circuited; this 
condition may occur in practice and represents the 
condition of maximum wattage absorption by the 
ballast. Capacitors are more susceptible to damage 
by high temperature, and the safe limits depend on 
the type; however, in no case should the operating 
temperature exceed 167° F for any type of capacitor. 


Resistance Ballast Operation 


The relatively low lamp voltage of the 14-watt 
lamps (41 volts) combined with the excellent regula- 
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The 14-watt two-in-series circuit. 
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tion of the tungsten lamp ballast used, makes it pos- 
sible to operate 2-in-series on nominal 110—125-volt 
a-c or d-c circuits. ‘This use was the first application 
of the sequence starting of two lamps in series and has 
been applied to some extent for desk lamps, portable 


lamps for home use and similar uses. A special small 


incandescent lamp in an S-I1 outside white bulb with 
an intermediate screw base is used instead of the con- 
ventional choke type of ballast. It is rated at 60 volts 
and 14 ampere. The resistance of this lamp, operat- 
ing at low efficiency, changes over a wide range for 


a given change in current, and therefore provides. 


better regulation than is practical with a choke type 
ballast. 


A manual starting switch is used to preheat the 


electrodes and this specially designed switch combines 


the regular on-and-off contacts as well as the momen- 
tary make-and-break-starter circuit. The total watt- 
age of two 14-watt lamps and ballast is about 45 watts 
on alternating current and 38 watts on direct current. 
This scheme provides a fairly efficient and inexpensive 


Turn Type 
G-E Cat. No. 95X266 for two lamps. 
G-E Cat. No. 95X292 for one lamp. 
> 










Push-through Type 
G-E Cat. No. 95X708 yw 


G-E manual starting control switches. 


method of operation of fluorescent lamps and has the 
advantage of hight weight, no ballast noise and basic- 
ally high power factor. ‘The stroboscopic effect is the 
same as for single lamp operation. 


Direct-current Operation 


While fluorescent lamps are designed for a-c oper- 
ation, they may be used on d-c circuits if the proper 
series resistance is used in connection with a suitable 
inductance coil and starting switch. Failure to pro- 
vide the necessary resistor equipment will result in 
failure of the lamp and/or accessories. ‘The series 
resistance consumes about as much wattage as the 
lamp itself, and therefore, the over-all efficiency of 
light production will be much less than normal a-c 
operation. Resistors especially designed for this. serv- 
ice are available, and are so constructed that excessive 
temperatures will not be reached. 

Because of somewhat more difficult starting condi- 
tions on direct current, useful lamp life may be im- 
paired because of failure to start. Lumen mainte- 
nance may likewise be somewhat less favorable. On 
the other hand color quality and total light output 


of lamps compare favorably with a-c operation and 
problems of power factor and stroboscopic effect: are, 
of course, eliminated. 

Because direct current flows in only one direction 
through the tube, lamps of 36 inches or longer may 
develop a considerable dim region at one end of the 
tube. ‘This may be corrected by equipping installa- 
tions with line reversing switches. A switch suitable 
for 240-volt inductive circuits should be used, and 
should be of a type which opens the circuit for an 
instant before reversing it. Present glow-switch start- 
ers are not recommended for operation on direct- 
current circuits. ‘Che suitable starting switches avail- 
able for the cases where manual starting is necessary 
are indicated in the accompanying table. The table 
likewise gives the resistor values required. 





: D-c Lamp Wits nse Resistance Required in Series with G-E Ballast No. Oh 
amp SO ERTIES OL Pe REE SEES ms 
Watts <2) ven av cuese 58G562* 58G690** 58G699*** Ber 
mps. olts own SOA Sia Voltt 
oe ; 120 V. 240 V. 190:V.°. | 940-N. 
6 0.195 - 48 9 
8 140 57 9 Ph 435 a 
14 34 Al 24 200 207 
15 (T-8) 26 58 16 206 213 ae 
15 (T-12) 29 59 20 202 209 ty 
20 31 65 17 145 Lie 152 Bs 
30 99 103 AO ae AAO AAT a4 
32+ 37 86 57 ee ae 391 a3 
(40 35 114 4 335 a 
i 1.27 719 904 wens 124 0.8 


* D-c auxiliary with built-in thermal switch. 


t Use line reversing switch (G-E catalog No. 95X289). 


** Use FS-44 thermal-switch starter for 32- and 40-watt lam d | i 
- ps and manual starting switch for 118- = . 
with this ballast (G-E catalog No. 95X292 for one lamp, 95X266 for two eRibe). ee yell ce operation ef other/Jamp sizes 


*** Use FS-64 thermal-switch starter. 


t If actual line voltage is more than 5 f i i i | 
is n per cent from value listed, the resistance required may be corrected by addi tracti 
the number of ohms indicated for each volt difference. The resistance should be within about 10 per sae of the celethowe 
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These are laboratory observations and do not describe 
many influencing factors in practical installations. . 
The curves are carried down to zero, though most 
lamps cannot be depended on to start below 50° F. 
(See low-temperature starting.) The 100-watt lamp 
maintains its light output down to about 30°F at 
which point the light output drops sharply; this lamp 
will start reliably under most conditions of tempera- 
ture down to zero degrees, and for this reason would 
seem to be a likely choice for outdoor service in cold 
weather. 

The adverse effect of low surrounding tempera- 
ture can be offset to a great extent by enclosing the 
lamp. ‘This can be accomplished in a variety of ways, 
including the use of enclosing tubes, etc. It should 
be remembered, however, that enclosing lamps oper- 
ating in normal room temperature will likely raise 
the bulb wall temperature to the extent that light 
output will be decreased. Even in open fluorescent 
luminaires the mutual heating of lamps mounted on 
close spacings may raise the ambient temperature and 


Lamp Temperature and Lamp Efficiency 


INSTANT-START CIRCUITS 


For High-voltage Series Operation 


The more common sizes of bare fluorescent lamps 
operate most efficiently at normal room temperatures 
of 70° to 80° F, where the temperature of the glass 
tube itself is 100° to 120° F. At lower surrounding 
temperatures the mercury vapor condenses and the 
activating ultraviolet radiation is reduced. At higher 
temperatures the vapor pressure is increased and some 
of the ultraviolet radiation is shifted from 2537A to 
longer wavelengths; also there is increased reabsorp- 
tion of the 2537A radiation by the mercury vapor. 


Both of the above circumstances reduce the light 
output of fluorescent lamps, the amount depending 
on specific conditions of use. In otdinary rooms of 
livable room temperature, and in conventional types 
of fixtures this problem is unimportant since the light 
output will be relatively unaffected. In very hot 
weather and in hot locations like boiler or furnace 
rooms, lamp bulb temperatures may reach the point 
where the light output falls off perceptibly. In these 
instances, the danger of overheating ballasts perhaps 


For Multiple Operation of Slimline 
and Instant-start Lamps 
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Instant-start two-lamp ballast and multiple circuit for instant- 
start and Slimline lamps. 


The Instant-start Ballast Circuit 


The instant-start ballast is designed to start lamps 
without preheat, by virtue of delivering a high start- 
ing voltage and normal operating voltage after the 
lamps are started. Lamps for instant-start circuits 
have filament type cathodes, specially designed in 
order to obtain normal life under the higher impact 
voltage. Since no preheat circuit is required, instant- 
start lamps need only one terminal at each end, as in 
the Slimline types. A specially designed instant-start 
lamp with a bipin base is available for installations 
using the conventional type of lampholders; these 
lamps, however, have the base pins short-circuited 


Slimline lamps 


High-voltage, cold-cathode transformer and series circuit. 


Series Circuit Operation of Lamps 


~ Fluorescent lamps of all types may be operated on 
either multiple or series circuits, although when op- 
erated on series circuits, lamps especially designed for 
this service are recommended. Such lamps may be 
either of the hot- or cold-cathode types. High-voltage 
cold-cathode series circuits have long been the prac- 
tice in the electric sign field. 


Series transformers are rated in milliamperes, that 
is, they are designed to pass a certain maximum cur- 
rent depending on the current rating of the lamps 
used. The voltage rating ranges up as high as 15,000 








is more significant. 


The drop in light output when operated in cool 
or cold temperatures is usually more important in 
practice because this condition is likely to be more 
generally encountered. The performance of lamps in 
refrigerated cases, in outdoor use during winter 
months, and for similar applications is important to 
the satisfactory use under these circumstances. 


The accompanying curves will give a general pic- 
ture of the effect of lamp temperature on light output. 
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reduce the light output unless proper consideration 


_ has been given to heat dissipation. 


To what extent the light output will fall off under 
different conditions of surrounding air temperature 
is difficult of precise prediction under practical instal- 
lation conditions. Normal light output is conditioned 
upon maintaining the bulb itself within a certain 
range of temperature. ‘This range varies with the 
different bulb sizes and wattage—one criterion being 
the watts per square inch of bulb surface provided in 
the design of the lamp. The actual bulb wall tem- 
perature is dependent upon the circulation of air 
about the bulb, how well it may be shielded, or 
enclosed. 

The lower curve was obtained by measuring the 
light output immediately after the lamps were started 


tory starting should be obtained at temperatures con- 


fen Oe = when the bulbs were at the same temperature as the 

| inside the end cap and, therefore, will not operate on volts—the actual voltage depending on the mee ae Lb, surrounding air. This would seem to be the lowest 

| preheat ballast circuits. lamps or feet of tubing used on the ene beta tas 3 IEEE Ob limit of light output, because in operation, the bulbs 
. 3 = Ke : 

A characteristic of the instant-start circuit is the dif- to safeguard against the hazards of high ee ORs s = ao NDT IONS would warm up somewhat. The upper curve is for 

ficulty of starting under conditions of high humidity. tion, specially ee ee or ae oh we aa. =r I ERM TURE lamps operating exposed in te ol alr. 
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| wise of the lamp; this produces a capacitive action Tep/acing ‘amps. u \" mo _ From the standpoint of starting, no special restric- 

| which assures starting under all conditions. poe: ti pee len 50 ll nt tions need. be applied where surrounding tempera- 

| 1 Hue Ala en Ese: cathodes One advantage of series operation w pee 2 re mm : (lil euD aueBUE ee i tures are not below 50° F and providing the circuit 

! elu are ae oe ae "runs of continuous lamps Or tubing a eee 120 wil VALUES WHERE STRONG DRAFTS CONDUCT voltage is within the recommended range. Satisfac- 

| and lamp life is dependent upon the number ot starts. the simplification of the interior wiring since distribu- o 
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hot-cathode lamps 
with single-pin 
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lamp operates at 





tion circuits need be brought only to transformer 


locations. 


The General Electric Company manufactures a 
complete line of transformers for high-voltage lumi- 
nous tubing applications. The range of sizes is from 
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0 Oe 207 30 407 50" 60010 7980). 90. 00. NO 120 
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Fluorescent lamps operate at highest light output when the bulb 
temperature is between 100° and 120°F. This condition occurs when 


siderably below 50° F by (1) keeping the line voltage 
up, preferably in the upper half of the ballast range, 
and (2) using manual starting switches or thermal- 
switch starters. Such starters are available for 40- and 
100-watt lamps. In applications involving the 40-watt 


| : Een : : size, satisfactory starting can be secured down to 0° F 
| relatively higher 2000 volts to 15,000 volts with ampere ratings from Le the surrounding air in natural circulation is between 70° and 80°F, by using the lamp specially designed for low-tempera- 
| lamp voltage and 12 to 60 milliamperes. It also supplies a full line of il Drafts conduct heat away from the bulb and in extreme conditions ture starting. The FS-44 starter should be used. This 
| lower: eurrent. phosphor-coated fluorescent tubing in standard — of draft the bulb temperature may be little greater than the air lamp should not be used for general service, however 
| The drawing lengths in eleven tube sizes ranging in diameter from = eo sootion realized when lamps are a turned va because of its shorter life and inferior lumen mainte. 
| “147: : : : ' adic e lower limits shown represent measurements of light output made sea, 
| eye sme wer a sa el arcu store conaie Meth eb er Oe ee 2 immediately after aiade the lamps and beech bulbs were nance characteristics. 
| typical two-lamp and fluorescent phosphors, 17 colors are available as wr omen ) : The life of the 40-watt low temperature lie i 
| instant-start clr the sign manufacturer for electrical advertising anc = In common usage the values in the upper range would normally €Stimated at about 60-per cent of the ratings given for 
i Gling Sockets cuit. cold-cathode lighting purposes. — aeply. the standard type. 
| 68 = 69 
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LAMP LIFE AND DEPRECIATION 


Normal Failure 


The small filament-type cathode at each end of a 
fluorescent lamp is coated with an active compound 
of barium or strontium from which there is an elec- 
trical emission when the cathodes are heated for start- 
ing and during operation. This material is gradually 
used up during the life of the lamp and is especially 
used up during starting. ‘Therefore, a longer life will 
be obtained if the lamps are allowed to operate con- 
tinuously instead of being turned “on” and “off” 
frequently. 
on the average if lamps are operated for normal peri- 
ods of 3 or 4 hours. 


When this active material is used up at one end 
or both, the lamp will no longer operate but will 
simply blink “on” and “off,” and there may be quite 
a shimmering effect of the light during the period that 
it remains lighted. Most lamps fail in this manner. 


Average Life 


Published values of lamp life are determined by 
life testing a selection of lamps each month from each 
factory. Precise test procedures are followed. Circuit 
voltages are closely regulated, the starters used deliver 
proper preheat and the ballasts are accurately rated 
for the designed lamp voltage and current. Under 
these specified test conditions, average life and the 
mortality rate can be determined, though it will be 
noted that some lamps fail before rated life is realized, 


-while others may live considerably longer than aver- 


age life. 

In actual installations the life obtained may be 
more or less than published values, depending on 
the departure from standard test conditions. Where 
lamps are turned on and off frequently or where the 
lamps blink several times before starting due generally 
to a poor starter or low voltage, the life will be short- 
ened; in installations that burn continuously as in 
many industries, a life of 10,000 hours or more may 
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However, rated life should be obtained 
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Life Ratings of Fluorescent Lamps 

















| Burning Rated 
Lamp Hours Average 
per Start Life 
(Hours) 
6- and 8-watt T-5 3 1500 
13-watt T-8 3 1500 
14-watt T-12 3 2000 
15-watt T-8 : Z200 
30-watt T-8 2 hte 
nee 12 6000 
15-watt T-12 3 9500 
20-watt T-12 
6 4000 
A0-watt T-12 19 6000 
All Slimline las 
40-watt T-1 7 60-inch (Low brightness) 3 2500 
3 3000 
AOOsWattOIO Ran 7 ee tere eee so 6 4500 
12 6500 





be experienced, although the depreciation may be so 
severe that most economical operation is not obtained. 


Light-output Depreciation 

Fluorescent lamps blacken rather uniformly 
throughout the length of the tube during life. ‘This 
is usually not very noticeable unless a lamp which has 
burned for a considerable time is compared with a 
new one in front of a light source. However, this 


more than any other cause results in a depreciation 


of light output during life. 


The light output decreases rather rapidly during 
the first 100 hours of operation and the loss may 
amount to as much as 10 per cent. Therefore, for 
rating purposes, the 100-hour value is used. ‘The 
light output may depreciate 25, to 35: per-cént;on. the 
average for average operating conditions by the end 
of rated life. The light output during life averages 
approximately 80 per cent of the 100-hour value. 


Note that rated output is determined 
at 100 hours and this curve starts at 


PER CENT LIGHT OUTPUT 
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Lamp Appearance 

At the end of life the lamps usually show a dedse 
blackening at either one end or both. Also, there 
may be dark rings slightly brownish in color at one 


end or both. However, on the average, there should 


be little indication of either blackening or rings dur- 


ing the first 500 hours of operation. 


Heavy end-blackening early in life indicates that 
the active material on the cathodes is being sputtered 
off too rapidly, and may be due to: 


1. Frequent starting of lamps—life is based on number of starts. 


2. Starters operating improperly, causing 


(a) Either insufficient or too long a preheat period 


(b) Lamps to blink ‘‘on”’ and “‘off”’ 
(c) Ends of lamp to remain lighted 


(d) Several starting efforts each time lamp is started 


ee 


6. 


Improper wiring of units. 








Omission of or a short-circuited starting compensator in lead circuit of two-lamp ballast. 
Improper ballasts or ballasts not meeting specification requirements. 


High or low voltage—for best results circuit voltage should be within ballast rating. 


Normal End-Blackening 


The normal blackening which may develop at either one end or both usually extends from the 
base for a distance of 2 or 3 inches. This is typical of a normal failure and usually develops quite 
rapidly near the end of lamp life. Lamps showing this condition and still operating can be removed 
from service with little loss in lamp life. 


Certain starting and operating conditions may cause a lamp to blacken prematurely and result 

_in shortened lamp life, as noted above. 

mercury deposit which sometimes condenses around the bulb at the ends. This mercury condensa- 

tion appears to be more common with the 1-inch diameter lamps than with the 14-inch sizes. It is 

often visible on new lamps but should evaporate after the lamp has been in operation for some 
time. However, it may reappear later when the lamps cool. 


Normal end-blackening should not be confused with a 


Frequently dark streaks appear lengthwise of the tube due to small globules of mercury collecting 
on the lower (or cooler) part of the lamp. Mercury condensation is quite common on. lamps in 
louvered units due to the cooling effects of air circulation around the louvers. 


Mercury may condense at any place on the tube if a cold object is allowed to lie against it 
for a short period. Such spots near the center section may not again evaporate. When condensation 
occurs in this manner, rotating the lamp 180 degrees in the lampholders may give a more favorable 


position for evaporation or may place the spot in a less conspicuous place from an appearance standpoint. 


Near the end of life some lamps may develop a very dense black spot, shown in the center photo about 4 inch wide extending ie 
half-way around the bulb, centering about 1 inch from the base. This is quite normal but should a spot develop early in life, it is an indication 
of excessive starting or operating current. This may be due to a ballast off-rating or to an unusually high circuit voltage. 


Rings or bands slightly brownish in color sometimes develop at either end or both. These are usually located about 2 inches from the 
base at either end or both, but have no effect on lamp performance. 


Lamp Performance in Service 


To secure the best performance of fluorescent 
lamps it is important that the user understand how 
to properly maintain his fluorescent installation. 
There are certain factors which affect the performance 
of fluorescent lamps that were not encountered with 
incandescent filament lamps, and some of these new 
elements related to satisfactory service are within the 
control of the customer. 


For example, if a filament lamp does not light 
when current is applied, the one conclusion is that 
the lamp is burned out or defective. No such con- 
clusion should be formed in the case of the fluorescent 
lamp. A fluorescent lamp, though perfect in all re- 
Spects, may not start or operate properly through 
no fault of its design or manufacture. Specifications 
based on the attainment of best lamp performance 
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The lower photo illustrates the appearance. 


govern the design and construction of auxiliary equip- 
ments. 


Frequency and Stroboscopic Effect 

Operation of fluorescent lamps is possible and 
practicable on 50 cycles and auxiliaries are available 
for this frequency. The lamp itself will operate on 
25 cycles, and 25-cycle Tulamp ballasts for 40-watt 
lamps are available on special order. 
this frequency the flicker is likely to be unsatisfactory 
unless special precautions are taken in installation 
and circuit arrangement. 


Every lamp, when burned in the usual manner on 
alternating current, has a non-uniform light output 
caused by the cyclic variations in current. ‘This 
effect is, of course, increased at lower frequencies. In 
electric discharge lamps where practically no energy 
is stored, as it is in the hot tungsten in filament lamps, 


However, at 
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are often referred to as “spiraling, 


Flicker* of Fluorescent Lamps 
(Operated on 60-cycle circuits) 


Daylight:<) 453. es 50 2 Greentown Gert a 20 
Whites sc oe eb Pinks ees crt ie oe Sy 20 
Daylight (Tulamp Auxiliary) 95° . Red: <3...) cee 10 
White (Tulamp Auxiliary) 16 40-watt Filament Lamp . 13 
Blues ee 2 2 90: 100-watt:Filament:Lamp... 1.5 
Golde 5 


* Per cent deviation from mean light output. (Approx.) 


the light drops almost to zero along with the current 
between each half cycle. Fluorescent powder, how- 
ever, except for the blue, has a persistence of glow or 
phosphorescence which helps to reduce flicker, the 
reduction being dependent on the phosphor used. 
With lamps burned on two or more phases or with a 
Tulamp transformer the lamps operate out of phase 
and the fluctuation in light output is further reduced 
and becomes comparable to the variation in low watt- 
age filament lamps. : 


Swirling 


_ This refers to a pronounced and irregular varia- 
tion in the light quite noticeable as one looks directly 
at stationary objects, and does not refer to the high- 
frequency stroboscopic effect (which is noticeable 
when observing a fast-moving object), which results 
from normal variations of light output on alternating 
current. Swirling may appear in several different 
forms, all apparently related as to cause. ‘These effects 
” “snaking,” “‘flut- 
tering,” etc. : 

A new lamp may swirl when first placed in serv- 
ice. This will usually clear up after the lamp has 
been operated for a short period or turned “on” and 
“off? a few times. One of the chief causes of swirl 
is starting the lamp without properly preheating the 
cathodes. This may be due to a starter which is not 
performing properly, starting the leading lamp of a 
two-lamp ballast without a starting compensator, 
high-voltage starting, or starting the lamp with im- 
proper auxiliary equipment. 

A swirl may suddenly develop at some time dur- 
ing the life of any lamp in normal service, and then 
clear up quickly. Lamps showing a persistent tend- 


ency to swirl should be replaced. Further investiga- 


tion may be necessary if successive lamps continue to 
develop this condition in the same lampholders. 


Color Quality 

In passing judgment on variation in color, great 
care must be used to avoid illusions, as lamps of 
exactly the same color may appear quite different in 
various locations of a given installation. These illu- 
sions are usually due to effects frora fluorescent lamps 
of other colors, or differences in reflector finishes or 
from colored paints used for decorative purposes. 
Always interchange the lamps before forming a con- 
clusion where differences of color are involved. 

The eye is quite critical in color comparison, 


and the slight differences within the manufacturing : 
tolerances of both white and daylight lamps may be | 


discernable, although the differences are seldom 
objectionable. 


Cathodes—The cathodes are short in length and 
should withstand a considerable amount of rough 
handling without breaking. However, it is sometimes 
possible to break these by a severe side blow. A simple 
test will show whether or not the cathodes are intact. 
Test each end of the lamp separately by connecting 
the two base pins in series with a 60-watt 115-volt fila- 
ment lamp on a 115-volt circuit. If the cathodes are 
intact the filament lamp will light and the end of 


the fluorescent lamp will glow. The 60-watt test lamp 


should be used with lamps from the 14- to 40-watt 


‘sizes. For a small diameter or miniature fluorescent 


lamp, use a 25-watt 115-volt test lamp and for the 
100-watt size use a 200-watt 115-volt test lamp. ‘he 
purpose of the several sizes.of lamps mentioned is to 
limit the current to the value for which the cathode 
filaments are designed. This allows the cathodes to 
heat up sufficiently to produce a fluorescent glow at 
the end. This test shows not only an intact cathode 
circuit but the glow indicates the presence of active 


electrons. Absence of the fluorescent glow, even 


though the cathode heats, is an indication of a lamp 


that has leaked air. 


Burned-out Cathodes 


An abnormal circuit or operating condition 1s 
necessary to burn out a cathode. In the normal oper- 
ation, the ballast will limit the current to a value 
below that required to burn out a cathode or cause 
any fusing of the metal. Electrodes may be examined 
by viewing the end of the bulb against a pinhole of 
light which casts a shadow of the cathode on the bulb 
wall. In this way it can be observed whether the 
cathode is intact. 


If one end of the lamp is inadvertently placed 
across a 115-volt circuit, the cathode may burn off at 
both leads with little fusing of the metal. ‘The 


stem press may also crack, resulting in an air leak. 


Broken lampholders, lampholders with starter sock- 
ets attached and surface-mounted on metal, one strand 
of a stranded conductor touching a grounded fixture, 
and improper wiring, are common causes of either 
momentary or definite grounding which may result 


-in burned-out cathodes. Also, operation on direct 


current without the necessary additional resistance 


‘required, is a common cause. 


Breakage 


Base Pins—These pins are able to withstand a 
reasonable pressure without breaking. However, a 
considerable force can be exerted on these pins if an 
attempt is made to turn the lamps in the lampholders 
without first making certain that the two ends are 
sealed properly. Ifa lamp does not turn readily when 


it is being inserted, remove the lamp again and rein- . 


sert into the lampholders. : 


Broken Base Insulation—Here again the base 
insulation has sufficient strength to withstand a reason- 
able service. However, if the lamp is dropped or 
severely bumped on the end it is possible to break this 
insulation and render the lamp useless. 3 


Starting Difficulty 


Starting difficulties may be due to a number of 
other causes than the starter itself. In general, any 


difficulty in starting may result in premature end 


blackening and short lamp life. 


A starting compensator in series with the starter 
in the leading branch of a two-lamp ballast is neces- 
sary for all circuits requiring starters except for the 
100-watt lamp. Starting compensators are usually built 
into the ballast housing. If the compensator is omitted 
or if the radio interference condenser becomes short- 
circuited there will be insufficient cathode heating 
when the lamps are started. ‘This “cold” starting is 
quite likely to result in short lamp life as previously 
mentioned. 


Anything that results in repeated starting efforts 


tends to reduce lamp life. Various causes of starting 
difficulties are mentioned at the bottom of the page. 


Under and Over Voltage 


Lamps with low-voltage ballast equipment are 
designed for operation on circuit voltages of from 
110 to 125 volts inclusive, and in some cases, may 
operate satisfactorily on circuits as low as 105 or as 
high as 130 volts. Similarly, ballasts designed for 
high-voltage service should operate satisfactorily on 
circuits from 220 to 250 volts with possible satisfactory 
operation as low as 210 or as high as 260 volts. 

If lamps are used on higher than rated voltages, 


the operating current becomes excessive and may not 
only overheat the ballast but may cause premature 
end blackening and early lamp failure. If lower volt- 
ages are applied, the current may be too low for satis- 
factorily preheating the cathodes and the lamps may 
flash “on” and “off’ without starting. ‘Thus, either 
too high or two low voltage operation is injurious to 
the lamp. | 


Radiant Heating Effects 


Confusion is sometimes expressed at the assertion 
that fluorescent lamps produce cooler footcandles 
than do incandescent Iamps. While a kilowatt-hour 
represents an over-all heating effect of 3414 BTU 


‘regardless of how consumed, the lesser sensation of 


heat from fluorescent lamps lies in the fact that 
(1) they generate more lumens per watt of energy 
consumed than do filament lamps, and (2) less radi- 
ant energy is emitted than by filament lamps of the 
same wattage. Both of these factors are evaluated 
when light sources are compared on a “total radiant 
energy per lumen” basis. ‘The chart on page 60 shows 
the total radiant energy to be 18.8 watts (light plus 
radiated heat) for a 40-watt white fluorescent lamp 
or 8.7 watts per 1000 lumens. Comparable values for 
a 200-watt general service incandescent lamp are 160 
watts radiated or 43 watts per 1000 lumens. ‘Thus it 
is said that the sensation of heat from fluorescent | 
lamps is only about one-fifth that from filament lamps 
for the same amount of light delivered. 





This may simply be a normal lamp at the point of failure. On the other hand, if the lamp is 
new or if it has not been in service long there are a number of factors that might cause this action. 








Lamp 
Blinks 


“On” and 
; “OF”? 


Lamp Makes 
No Starting 
Effort or 
Starts Slowly 


Ends of 
Lamp Remain 


Lighted 


This difficulty may be due to the starter, and this can readily be replaced. It is possible that the 
lamp may be at fault, and lamp replacement is the next logical step. Changing either the lamp or 
ee may only temporarily correct the trouble if there is a borderline cause of difficulty for some 
other reason. 


Low circuit voltage, low ballast rating, low temperature and cold drafts may individually be the 
cause of difficulty of this nature, or several of these may be contributing factors. 


If two-lamp ballasts are involved, there is a possibility that the individual starter leads from 
the two pairs of lampholders have been criss-crossed. When this is the case, the two lamps may 
start promptly if both starter switches open simultaneously. However, if one lamp starts, the other 
lamp may blink “‘on”’ and “‘off” for a long period of time or may not start at all. This sort of trouble 
is generally easy to locate because after one lamp starts only one end of the other lamp will light up 
before the starting effort is made. Also, one lamp will not make a starting effort unless the other is 
in the lampholders. Thus, by testing each of the two lamps separately, this wiring fault can be 
easily detected. 


Be certain that the lamp makes proper contact in the lampholders. The lamp can be checked 
by testing it in another circuit, as there may be an open circuit in the lamp. Too, it is possible that 
the starter has reached the end of life and should be replaced. | 


If necessary, a voltage check should be made from one lampholder to the other. This can be 
done with a voltmeter or with a test lamp (220 volts, 100 watts). It should be remembered that there 
are two connections to each lampholder, and but one of these at each lampholder should be alive. 
Hence, there are four possible ways of checking these contacts to find the live two. If no voltage 
indication can be found, next check the circuit leads to the lampholder. If there still is no voltage 
indication, check the circuit connection. ‘There is also a remote possibility of an open-circuited ballast. 


_ In a new installation it is, of course, possible for the circuit to be incorrectly wired. 


If the installation has been in operation, the trouble may be due to a short-circuited condenser in 
the starter, or it is possible that the switch contacts are welded together. In either case, it is necessary 
to replace the starter. Starters which have been in service for some time can fail in this manner. 
In the earlier designs of the “‘No Blink’ starter the ends remained lighted until the lamp was replaced. 
In the newer manual reset types, such as the FS-20, FS-30, FS-40, FS-100 and FS-102, the cathode 
circuit is opened when the lamp fails to light. 
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Radio Interference 


“The performance of the mercury arc of a fluores- 
cent lamp at the electrodes is associated with an elec- 
trical instability which sets up a continuous series of 
radio waves. There are three ways in which these 
waves may reach the radio and interfere with 
reception: : 

1. Direct radiation from the bulb to the radio 

aerial circuit. 2 

9. Direct radiation from the electric supply line to 

the aerial circuit. : 

3. Line feedback from the lamp through the power 

line to the radio. 

The direct radiation from the bulb diminishes 
rapidly as the radio is separated from a lamp and this 
effect can be controlled by proper positioning of the 
radio and its aerial. The table shows the extent and 
comparative amount of bulb radiation for various 
sizes of fluorescent lamps. It will be seen that if the 
aerial is at least 9 feet from the lamp, interference by 
bulb radiation is negligible. 


Extent of Bulb Radiation 


(Values are relative) 


Aerial Aerial | Aerial | Arial | Aerial 


poe 2 ft. A ft 26 ft 8 ft. 10 ft. 
P from from from from from 
Lamp Lamp Lamp Lamp Lamp 
AO- or 100-watt 100 4T 9 4 0 
30-watt ... 90 43 8 1 0 
90-watt ... . 715 35 af 0 0 
152watts 2.932: 55 26 5 0 0 


In case the radio must remain within the bulb 
radiation range it will be necessary to take the fol- 
lowing precautions: : | 
1. Connect the aerial to the radio by means of a 
shielded lead-in wire with the shield grounded, 
or install a “doublet” type aerial with twisted 
pair leads. 

2. Provide a good ground for the radio. 





3. Aerial proper must be out of bulb and line radi- 
ation range. The use of a correct antenna system 
will usually help reduce radio interference by 
providing a better station signal strength. 

Interference from line radiation and line feedback 
can best be minimized by the proper application of 
line filters at each lamp or fixture. A simple form of 
filter is the 3-section capacitor (G-E Catalog No. 
25F214). One such unit per fixture (or for each 8 
feet of lamps in a cove) will reduce line noise approxi- 
mately 75 per cent. For the cases where it is desirable 
to completely eliminate line noise, the inductive- 


capacitor type (G-E No. 67G400) is recommended. 


This filter has a current-carrying capacity of 2 am- 
peres which is, for example, about the load of four 
40-watt lamps. 3 : 

Where only one or two radios are located near a 
fluorescent installation and the aerial circuit has been 
properly shielded from bulb and line radiation, a 


single line filter located at the radio power outlet 


will suffice. 

Where radios located in buildings adjoining the 
fluorescent installation are receiving line feedback 
type of interference, it is practical to install a single 
filter such as the 25F214 at each panel box feeding 
fluorescent lamp circuits. , : 

Where it is necessary to filter each lamp or fixture, 
the filter should be located as close to the lamps as. 
possible. This precaution should be taken because 
of line radiation between lamp and filter. 

Lampholders improperly spaced resulting in poor 
contact with lamp base pins can also generate interfer- 
ence, as can fluorescent fixtures improperly grounded. 
Failure to ground the neutral of branch circuits (as 
required in the National Electric Code) is an addi- 
tional cause. If the service lines are not properly 
grounded, filters will be much less effective. 

Fluorescent equipments destined for home or other 
use where radios are likely to be present should have 
the proper radio interference filter in each fixture. 





FLUORESCENT LAMP DEVELOPMENTS 


The principle of the fluorescent arc, the field ahead 
in the chemistry of phosphors and the wide latitude 
for the development of lamps of various physical 
sizes and operating characteristics, suggest that this 
most versatile type of lamp will, in the future, find 
many new fields and widespread uses not presently 
developed. 

The Slimline and Circline lamps are examples of 
ideas in lamp design to meet application needs, so 
potential that eagerness for their announcement 
could not patiently await manufacturing facilities. 
Other lamp designs are crowding the minds of lamp 
and application engineers. Serious deliberation and 
well-balanced thinking are necessary to achieve orderly 
progress and prudent designs; otherwise, the business 
of lighting will be cluttered with a miscellany of lamp 
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types, ballasts and special circuits whose ‘economic 


concept might not prove very lasting or substantial. 


Yet with a new product with as broad a horizon as 
fluorescent lamps, one must always be alert and re- 
ceptive to all new ideas. 


The latest of new ideas demonstrating the versa- 
tility of these lamps is the development of a new 
phosphor to produce the ultraviolet rays of sunlamps. 
Such lamps will become available as manufacturing 
facilities permit. 


The germicidal lamps and 360BL lamps, briefly 
described on the following ‘page have been listed for 
the past several years, yet their use has been restricted 
largely to wartime needs, and the broader fields of 
application remain to be explored. 





“BLACK LIGHT” (360BL) FLUORESCENT LAMPS 


: I> WATT 


Fluorescent lamps containing a special phosphor whose radiation 
peaks around 3600A in the near-ultraviolet region of the spectrum 
are now available. Designated as ‘‘360BL”"’ lamps, these sources 
are similar to comparable sizes of standard lamps except for the 
phosphor; they operate from standard auxiliary equipments. They 


can be used for blueprinting and for activating luminescent materials 


‘such as on fluorescent maps, markers, sketches, directional signs, 
laundry marking, etc. 





4 WATT RP 12 


Some visible light is produced. Supplementary filters for absorb- ~ 


ing the visible light are available. 


The RP-12 bulb shown is also a ‘*360BL"’ lamp designed to 


operate on 12-16 volt and 24-28 volt D.C. circuits for fluorescent 
instrument dial lighting on airplanes. 


The wattage ratings are 3 and 4 watts respectively for the two 
voltage classes. 


GERMICIDAL LAMPS 





2 These lamps radiate most of their energy at the 2537 line which 
is very near the wavelength most effective in destroying. bacteria. 


Three of the germicidal lamps are similar in construction to 
8-, 15-, and 30-watt fluorescent lamps except for omission of the 
phosphor and use of No. 9741 glass which transmits the shortwave 
ultraviolet. Auxiliary equipments for these germicidal lamps are 
identical with those for standard fluorescent lamps of corresponding 
size. A 4-watt germicidal lamp having a bent-U tube and a radio- 


type base is also available. It uses G-E ballast 58G825 and FS-5 
starter. Germicidal lamps are being employed in hospitals, barracks 
and general interiors, as well as sterile storage cabinets and the like. 


These sources produce shortwave ultraviolet radiation which 
activates fluorescent phosphors. They must be used with caution 
and full understanding that the radiation emitted is dangerous to 
living organisms and that direct exposure to the eyes even for a 
few seconds should be avoided. | 


FLUORESCENT SUNLAMPS 


The development of a new phosphor for converting the 2537A 
radiation of the arc to a broader band of longer wavelengths in the 
ultraviolet, corresponding to the vital ultraviolet rays of natural 
sunlight, is indeed a most important element of progress. This will 
permit the listing of sunlamps in sizes corresponding to standard 
fluorescent lamps, which operate on the same ballast circuits, and. 
which can be combined in installations with standard lamps for 
illumination purposes. | 


These lamps produce little visible light, but are highly 
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efficient sources of suntan radiation, the 20-watt lamp having an 
E-Viton rating. of approximately 40,000, while the 40-watt size 
produces 100,000 E-Vitons. These low-wattage suntan sources, 
while competitive with older types of sunlamps will have the 
advantage of lightweight portability and casual use not possible 
with other types. This aspect should permit the wide extension of 
the benefits of artificial sunlight to millions of people, in offices, 
schools and work places, by the simple means of including a small 
proportion of these tubes as supplementary to the fluorescent 
lighting system. 
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COLORS AND COLOR QUALITY 


The fluorescent lamp opens up an entirely new 
realm in color and color quality of light production. 
With filament lamps, the production of colored light 


“was by means of absorption filters; while amber, 


orange and red could be produced with fair efficiency, 
blues and greens required an absorption of from 85 
to 99 per cent of the light from the less efficient fila- 
ment lamp. An efficiency of | or 2 lumens per watt 
was accepted. With the fluorescent lamp, colored 
light is produced directly by choice of phosphor; the 
green phosphor, for example, produces green light at 
an efficiency of 70 lumens per watt. Blue, pink and 
amber have an efficiency of 25 to 30 lumens per watt, 
red is presently low at about 4 or 5 lumens per watt. 
White light is a mixture of all colors and is obtained 
by blending in proper proportion the phosphors that 
in themselves produce colored light. Obviously, there- 
fore, almost any degree of “whiteness” or almost any 


tint or saturation may be obtained. ‘The colors avail- 
able in white and colored lamps are largely a matter of 


standardization and attendant economics. ‘The line 
of colors available at any time will always be condi- 
tioned upon public demand and preference. 

The demand for colored lamps has not been great, 
and while people react tremendously to colored light, 
the possibilities have not yet been explored. As far 
as “white” light is concerned, good reproductions of 
natural daylight from the warm sunset to the cold 
blue-white of north skylight have been - achieved. 
Hundreds of different white light lamps are possible, 
and hundreds would be needed to duplicate all of 
the variations in natural daylight from day to day, 
from season to season, from one latitude to another; 
and even more complicated, the daylight that comes 
indoors which is tempered by orientation, window 
draperies, and interior painting. It is probably a 
mistake to predicate judgment of desirable standard 
white lamps on natural daylight, though this is the 
most obvious procedure since certain spectral stand- 
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The gold lamp has the 4047 and 4358 
lines and the red lamp has all four visible 
mercury lines absorbed by the color 
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reason for more than a few standard ‘white’ lamps 


— of colored light. 





































































ards of noon sunlight and north skylight had long 
been established. Misjudgments of color appearance 
of materials come not only from differences in color 
quality of the light, but from the wide difference in 
the light intensity or footcandles under which com- 
parisons may be made. 

It is not likely that standard, low-cost fluorescent 
lamps will match natural light precisely. They will 
always be closely approximate and there is little 
point, except perhaps in scientific circles, of trying 
to prove the proximation. Fluorescent lamps are 
worthy of new creative standards of color and color 
quality appraisal. | | 

Presently, in the interest of standardization and 
manufacturing economy, four different ‘““white lamps” 
are listed—namely, “daylight” (6500°), the 4500° 
white, the 3500° white and the ‘“‘soft white,” a warmer- 
toned white. Many others are possible and may, 
whimsically, be demanded. One thing seems certain— 
and that is that there seems to be no urgently valid 


which can be massed-produced, stocked and sold at 
the lowest possible cost. It is perhaps too early in 
our new experience in freedom from older restrictions 
and habit in production, appraisal and handling of 
spectral qualities of artificial light to consider that 
present lamps are just a contemporary step toward a 
better understanding of color. ‘The spectral distribu- 
tion of present standard fluorescent lamps is given in 
the accompanying chart. These curves are plotted 
to the same scale for a given wattage so that compari- 
sons may be made of energy distribution necessary to 
achieve the variations in white and colored lamps. 
A study of these curves in relation to the eye sensi- 
tivity curve will reveal the reason for the wide differ- 
ences in lumens-per-watt efficiency in the production 


Fluorescent Lamp 
Curves: To show the out- 
puts from equal wattages of 
the various colors the curves 
(left) are plotted to the 
same relative energy scale. 
To avoid confusion only 
the continuous part of the 
spectrum is shown in all 
cases. The energy. con- 
tained in the four visible 
mercury lines is shown by 
the separate rectangular 
areas. Except in the case 
of the red and gold lamps, 
the energy in the mercury 
lines should be added to 
the continuous spectra when 
plotting the resultant spec- 
tral distribution obtained 
by combinations of different 
colored lamps. 

























